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l^jJiil i^^jsa^ii AUI da£ diU)! SjJUa 

<J cu>w>^t ^^.1^ ^ (/{y^' tijt-«i-S 'iipj^ oVL»iji 

0!j tJLj^l iiUL ^LjukVl Sjj^ JL^jj tjfUl ^2007 _ Jkl428 

.(IAjJ>j tf^>flj tJUJ'^l 
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oLJj^^)!lj toL._4**Jl :LULj *iu^l <.;27llj *(^LiJl) 
toUJlj tOl^^lj ►UiiJlj loLs^^lj o'^Uaj-Nlj 

i5L-i JL* Ai^L-Jj ^jj J5Li JLp ^LiJl ^Sj=^^ 
kA^AniS t^\3^j (oL(Jl <._.j:53I l^a^-j:^ ^ (CJ^)!! 

.JLiU ^Ij |JLu tijl^l "JtjJJ 'j'^! ^1 ij\ 

^1 oLjLiJl ^ t> *^ 4 I. J,. .11 J.T.t.- 

Lb^ ^jlWl tijiiJl tilij tij^ LuJl* Wj- Jj*^l 

oLiiJl t-iS" iUL- J*s-U t*JL*j .yisl jt UcS *ilJi 

.^lliii<i«n ju>>««5' iULJLJl aJL* ^ Sjuima]! 
^ i_^hS3l tJ^j^o Lji« ^L*-" (Ji J pL2::j| JLiJj 

V Olj i2000 
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^LiSiil ^^f?" ■ ' ■ LJLa^ ^t^j i-'li^l ^^j^y> 

•Ljiy^* Jj*^ 

sIa jjJUoj SJL«^ 4j12:J|j JiJ^I 'M' iilUil 4IjJL< c)| 

iju>-l_^lj <uj>-_^i aJLJI J-ul>»d U^-^ (j^' ^>fr^' 

ij\ uJ^i ^ ow^yi 

iliJu. ^ J'^j siMSSj UJii*Jl ^ bkjLyJj JL* Ljj 
_» 1431/3/20 ^LJI 
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(Ross Bulletin 10) 10 ijlsS o^.y^ <wjI::5JI IJLa 

J (5>wa// Water Supplies) i-JUJI il'blJL.^L i^UJl 

«Jl* ^^.,»7^ all JuJbJl JLs-j Ji] . 1978 41^ <^ 

o ^^5^ cJ Jiiij ' .r^ Utt^ >-.llall 

ti^ ^hJi CDFiD) ^ sj*iJi 



DVI .v^l Jj-A^l <y i^^' cy* ->>^' vtt^' 

J^SlI i-jbSiJi ^ y!) LoLj ajLI.;. JjjJl .-jbSJl li* 
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•vlsJI Jj-iJI ^ '*A^\ 6^ 

^ ^LiSUI IJl» ^ li»U-J c-.lhTi 

oLij-JU I (1)1 jiL^j n ^ o .,(7* ^jji . t . o ! ^^^-jj-LismJI 

AJila:! L. JSCj ij^i^l JJL-^Ij t-JL.Vl Jj^j tiiLliiJlj fLJl 

tjl^^J .Lji"- A-JLiJl cJLa t)^ jJk Lfc^ 

.LjJbt ^Ul ilJL.)ll ^^LL. 

a jt'.W ^ I j_^JLJl oLiiiJi jjauui j_pJUJl »_,*LlSC!l 
aUJi 

iJL.Ui J3-!)L. it "l/l tcjliSJl IJL* 10 a ytJ 1^7;. „Ai 
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IJLa J j./a» ^ Jvii JSCj iJUi» j! ti>Ljjl ^ iL-Jl ijc*- ^1 iwJ^I 

3 ^^^«JL«Jl Jj>i-.»i_ij . 1986 ^L* ^As^^ ^^yip- j! 4j-Li>» 

^I^Ll* iL>tj^f i-olJi*!^! ii^-AJ ij^SLo JJj WELL ^ 
.(_^LJl il-LoVlj 4S">U> oli iLjco ^pi^l ^ (jlaij tjJl 

Caimcross, S. and R. Feachem. Small Water Supplies. Bulletin 
no. 10. London, UK: London The Ross Institute of Tropical 
Hygiene (School of Hygiene and Tropical Medicine), 1986. pp. 
78. ISBN 0 900995 10 6. 
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^hSai JUa! - 1.1 

(Point <L^ii!( olj.^>iJL!i-; l^'^^ .ij>:Li!( J jjJl «L*JI 
i-gJaJlj li ; J ilj t (Boreholes) jjL»J| i-'j-ajj jLi'^Li^ Supplies) 

^UiJ jt t (Treatment Works) oLfJL**Jl JL**tj t(olj^j-JL 
. (Piped Distribution Systems) tji^'^l ^j^' 

a_jju ^_^| J 250 ^ Ji OK-JI ^ jJixJ i^UJl ol:»-l*Jl 

t>i^i t^^l >i-^i ai Jl L-l 

. (Gravity - fed Piped Distribution System) JJLLdL ^ iJL«Jl 
.Sj£^ oU*2>ui t(High Yielding Springs) aj^ji\ ^1^1 
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^y^^\Jo jijj M OL^*-; jJi-iiaJI ^ (wjLi^I IJL* JjJ 

.rLoJl jjfjtiiJ LiUu Ij « « ^1 0 ^^^^ »l ^^iJL! 4l11ju 
t>!)Ul ^ iJUJl kilkJ 45>-l oLr^ Jl IjiiSSji it ►"l/j* 

qLlJI j_^LJI >jj>iJI ijJLu. L. LJU 

^^«::ahMa3 ^U31 ^US>t - 3.1 

iijjM ijjj2i\ jtLJl ^Ul ^ itkiyi 

JJU> ^ ((Top-down) JJL»mdl ^ij^Jau »LJI j^^?^ V^'^^ 
./»7ll j\ ,2HL>S^I V A-*^ CEnd users) ^^LfiJl >ill<T...Jl ^ 
.i^Lil aj^^ l|JJI (Bottom-up) 

iLiji>Jl LJi jJl (Top-down) JJL>iliJI i-j _jJL-I J-L^ilj *if j 
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aJL* Jb-tj .*lA\ilj ^Ualil ^^j^ JlijSj 

JL^iJl ►bSfl ^ i^UiJI it ^jjJl OlSCii oUljiiVl 
is^ .^,,,,.1 ^IjJlJI JLp tiSll. ^ *£Lji t^^j .^;^l|7„..n 

•fUiJl iA\i\j JJutd i.j!5Ul il.La^Vl ol^SlI aUal jt 

l^jjji ^^t^^ aAJbCui ^^Lui ^^iajt ol _;^:><Jl ^t-^^l 

Ljiiji tf^l Oil Js»>^b ^ iiSUJi J_jL»Jl jLpuJj 

Li jt (Bottom-Up) ^jJUajJl jt ^^^jj-CiJl 4X1^ D| 
^ iijjj^ (Commimity Management) »ij«*ifMJl Sjb^l Si^* 

(IRC, Ji- i,/t,^>.7j| oLjjaSlI J!5U- ^ aj|_}i-!5U 

. Jl:y«JI li* ^jLJl ^ jt * 1991) 

kiUoS 0^. Otj .(o^lj tijUliJl olJiuJl 
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^yJz,^\ 4i4b}j jJLJcJLj JU:^-! (^t) UIji^ • 

V-^l J ^UaJt - 4.1 

^ ijjIjuJi ijj><L.>/sJl ^LsmJU j_<«>L5J( '^j-j ^ » 

.LflJibi j! 5JLiJl:>Jl iUaj""^! J^jtJLJj f'LU^Ij iaJii^L ,„o 11 

t^jiii^ ^alj_^ ►IjCj'yi i_$_)Jj'^\ ^ ^../lyii iiUJl sJLa 

jjj^ y^\ ijla jl« ^ j**t yjiiji 

.(Boot, 1991 -.J JlSJl 

iLj^^l cjI^I JjJjiJ ip-UJl jLipVI Jail ii^lj (1)1 i^-al^MJl 
L«JLls> .oLaJI ^LjlaMI iiL/i^lL) t^^yJl ^S/l 

oLJL«-» J^L>- ^ Bj..^ 'i-sTj'S jJLo j i -.^ - !i I jjk j^^; jJ 
oUiiJl t^aL^j 'i'liLiJi (iyiAii *^ l^il^ ^liT„..H 
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J^j .OjUl ►liijij Sjiiil i^aLVl ^ t^llJij 

. (Almedom [et al.], 1997) oioL?- j ^ jJuJi ^ sUaju 

.JbJL»Jl ^Ul ^liJl ,^7 JUL* *j JLi-Sfl (K-f^ JjU 

jJL^aJI LuiLi ^|JL>E:LuaMl S"?*! 

^»i><Jl ^1 aJUJL>- 4L>^ ^Uui dlil^i .L^Ij>i:l<iI 

dUi JU> Jit. 
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i^j -(S j^"^ ^Jl cy '"j^ J ' ^jj-*^' '"j^ ^ y 

sj\ y> ^ A^l^:..^! sLaJl ^LbS* jlUI ^ ^jl^I IJLa 

.OljLJl 4^ jSji ^JU' Ail?- ^ 

(Public A^Lfr <LsLo j^L/i» ^ 4j«.aL>uJl sL^I ,u:k:.m 
Jjvi>J jIjNI^ Water Source) 

30 ^1 Jilia 5 j;^. 1.;..; c^C (Round Trip) iL^ ^ 



.«LJI I^J p^jUl j^ljjiiiJl J^l • 
►L. ijjb- jij JjlX. ^3 .Ml I-;,,. . W ^ t-jJLkij it • 
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Id^ .^'^K* (Hygiene) ^^^-^ (Jj^^^ Jt^*^ Cr^ 

^ (1 JjJLiJl >JI) Ui-la j] J^l i^b ^ 

.(^^^ l*aljiV i5j::--Jl 

.IjUJ ,^1 ^>JI iJ!A«i-'^l :l JjJUjJI 





J 1 




10.25 


20 


500 oL_> {^lijlJl <l>-j (^>> jt 

ji. 1000 


15 . 25 


20 


fjL> 250 - 500 4JLiS:;l ;Uj 


15 . 50 


25 


250 ^ J£> 4iL^ 4JU£;1 «l>-j 


20. 80 


40 


^j^j Jj-ill ^Lj- "LII UojL) •■bi 


30 . 80 


50 


(Jjdl J»-b eLLl ikij) Jjr-^ 


70 . 250 


120 





. «Ul idl 1^ 20 jlf ^U-Jt (») 
JjjMi] o.i>iiJil ^1 .^j^lI plkJl IJl> ^^ oL.Lt)l :«iu->Li 
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jjJL* LjJLr 'J'-*^ tr*"^' i/^J-'' cr* <i > ^«-il '"JL* ^ 

»UJl 'Lk^' ^Jip Ja2t J Lj> jJl 

.jjil 1^ o^^k lla^ >JUra*Jl lilJi^M jiVl ^ JIj^ 

jL^- 4. 1. 27, ..oil JakiJl JLp t^ULiS oU^Cj \1 ^UI 

y Jbjj tlJlAj .^^1.2'.. all SjJLJu i»L5j 

^■.■arall L^|jL»eL>ol ^ *iM j!St ^ 41i.>j>mJ| j^l ./To 1! 

Lt AiJKJl A^ljj aJuJc^iJi .-jl.lUr. Jj oLgljjklA^Ml 

(Public oL^LaU jt t^jlJuJl^ 'kMr^' oL.^JaJI 

.UjfPj 4^J^ij o'^Lc^-'^lS' (Events) 

iiU^l Sj^Ul oULkuJI oUi^Lj IJl» 
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j] jLiiij Di» iiUis .t-iyi ^ oijjisJi 

Lo li^i (jLii jt S jL-J- luJi 20 Ljj ^^jj 2j 1 ^ jJL^I 

^ ^L. .^.llflT. jli**^!-. ^.li^T VL^l c_JLkJi 

^ * t 

^jl5j ^ (L*L«:l>-I IjjjaL*:>- VLbs-l (^^^^j) ^^f—^l 

(Maximum Total Daily ^^y. j^'-*^! (.r^^ l*^':"' 

Xj<^\ ojjk OJj .Demand) 



t)lJLSi j! jJl* illl ^ 20 (^.-.i* 




25 - 35 




20.25 




15 .25 




10-15 




0,015 - 0,025 




(Hafkes (ed.) (1981)). 





36 



c^JUoJl ioj^jlA J-s^i>«j 24 i^Ji <-f^ tj^^ Ajt^^j 

4jLl4 JjlxaJ »LJI jffj*^ tjl^ jJUaaJI 1^^ .^i>-ii7i..< 

ali^LJ t_iL,A4 ijii^ ^IJl>>I^I i-^^^If^ t4pL« ^ c^JJoJI -ia^^^ 

. (Peak Demands) (*.-JLkJl < jjj j!) S jj JJI oLJLki^ <j»-L>Jl 
ol ^ JbU- (Rate of Flow) oL-J*^! Jjjui OJj .»L-*JI 

Jsljj (»-=^ljJ i_ijiiJ JSl^ ^U:Jk*yi L-Jja^ii tJJUi^ 

jjjL^^ iiUiJ ^\ jUflj ells') ol flJL* J^U- ^^b-iMl jl ^j^l 
jLisI (jJL* *-iiL,»l «Llj" ^^j-fcj>cj !j-fj>-I jl i^ijj-^' ol \ a ^ 

fj/OJu j^jIaJ la .,..! . o VlliO 1 .(JLJLj Sj^jisMJl 

JLSljjijI ^j*aj«j 3 J ./?a!l ^ 9 j jbjj ,<Ljjj_,-^I oLL»»J| 

. (Low Flowing Sources) j^Ul oLjM I jaUa* ^ Sli- jiJl 
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^ .|» /^y^ *■ il /l ^;SJ 20 Jjbtfcj ^ij^l olval^ 

.iuJi ^ 15 

(Jali jJlA 4lj| ^ 15 11*-^) ^yjJl iwJliaJl J-»^ 

1.15 X [(150 X 80) + (150 X 20)] = 17250 1/day 

17250/24 x 60 x 60 = 0.2 1/s = 11.98 l/min. 

ip-lsJl Ot* 25 OUVl JjU OlS' lij ^] ^jju IIaj 

.(1.25 X 11.98) = 15 l/min -^b i-f=f^l ^^1 

fi JjJlil <— JLL> <UjIS OjiJl ^^^j,a2^ ^1 ij;»-lJ 

oujl tjj^ iw-jIjVI ^Uij ^ tjLfJl ^ ol_;ii J"!)U- 




ik.si*j a j>Jl (Borehole) jl t jJ\ j_yJj , 

L_JLkJl ^.^A .^^\ /^^>..tH 18 JJL**j JJUj 
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^jIaJU ^^isJl C-J^ |i|jL>cI^I (^jjj .»LJ| ^Js- kiijL{I..^I 

yJl ^iJiiJL^Lj .ijjjJl i>i^si*j| J-^L>J LjjLLo oijiyi 

CjI ►Ul CjLSOiLj Ol» A:>-L!>Jl vr*HJ '^"J^ Sj_ji»MJl 

.(1.6.3 ►j^l 

/ol Lli. ^1 JJL« JU. ol JL^^i ct-J:^* S-^' 
^! ^A^^l *]aju ^jifi j^j,j>,^\ aJLqj:?-! oIjL..>»JI oJLa ^-^^wi ,<L»LJ| 

^ i_j ^<i7->i-aJl l.<bul.uua Cij^ ^ >-j -^^^^^^t^J oW^' oU^Ltf 
* ^ ^ t 



ii^_^iiJLw-l oLJl oI* Olj (ipLJl /l^ 1080 t^l) f\ jl^ 
J>JI Oj5w- JjiJ 5940 t|jL«Jl j_p*jiJl <-iliil Jjfif^ if 



5940/1080 = 5.5hr. 



(Demand <wila]| ^ dJLa J^^xJL:^! S ^ 

ol Ijjl-i li^ t5.Aj J_j^iJi Pattern) 

ipL< 5,1 JliJi (.f^^ ^■J-'^ ol»L< 4 J^l?- j>. lann 

J^Lp- <L»L< 5,1 J jl ^ ; !l s ' ajL9-| J (^L^ia^I ^ 

^\ t^\>^\ ^Ju JS iSJULP (s j^^l »L.>aJ| oL»L< 
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i'^'i 4j1 ■■■ « il >-aa>.T.M aJL* cLU^ j ( 

4fi ypl\ aLJl (^jl^ Covj ^ JS' ^ a ^JUL^ (^jJl JajkJI 
i^^^ JLf<i:il 4JL«p Jj>?>I ^*iJJ ■'jj>J^I i-JJ? 
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ZaMa - 1.3 



i-J^I jjL^I - 1.1.3 

aLJl jaL/g>! ^^^^ |»j.Jt2:) J.>iaii]| IJa .oL«JL! Ui'^La 

•^j^l iij^ {J»*^LiJl ^ tp^**^ ^i*"!" J* 

i5>-*il jaUaJl ^ JfflJj'^lj jt *«Jis-j 4^l*j| jJUaJI JUj 
51j .(2 J^l ^1) ^*ii«Jl ►Ul ^ jyiSL L. 

SaUJI ^ ^ ^41^1 4*JLJl aLJl 4j2:^ ^JLp 

Mf^L^VI oljdSllj oLsLftjS^I ^ 

^Ij ol^l j! fl^*^! ^LLj*^ j\ to-lsJl 

JL»:iu JLiLaJl ^ ^^p^ (lilSJL! .(^j^l JjlmJI {Sjr^ 1^ ^jr' 

Jjfijj .4j^ijo sLui jJilj J'*^ c)t J>JLi 1^ »L»j iidjjj IjJL^ 

.aLJl 4»JIjlJ hujtjA iLtiLi 6 J>«aill ^ 

jjLo- ^L*j *(1 JSLiJi) (Hydiological Cydc) «i-JLJI 
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kAs- \ Oj-^ Jls oL.«JlJ i^J^UJl jJLsa-«Jl jL—^l 01 

B lIIIiaj j»jk.A^l iUijJ f- ty?*-^ (1)1 t L«-«i 
J-i»*^' ,jx^\ jj^ 2 JSLlllj . life 




jS. .10 
*J_^U-_^I >JI .11 
**oUUJI i^j^ ^j^^ .12 
4^ .13 
wJU »L> .14 
U j^l aLJI ilijL Jli bU| • 

!j>Li oVU. ^ 111 JLf^. "il M 



jjjt aL> .3 

.4 
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.kls LiJ*>Li C'LJL! 4jil«.>i^I jl^SlI cLjt 

.ii^l ^J^3u> J*>U- (Sjjj) Ijlii-t OlJdJi ^ 

jijlH LaJI» >Jk^ J'JU^ jlinSfl sLaj .LfZil^ 

i y>M-j (Static) i-J jiL- j] 5 ^S:,..< SjLJl ^^^i J j j^^l 
SjIp ^tJi y jJUl Jb JjJl iLij ii _j>Jl sLJl 0 Lo UIp j 
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^jj eLjtJ L.i<j»l» ij^jjj oLaJL! I J ' 



. 1. 
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S5 



»LJl 61 J* 



> 














C 


1 (^b. j» U!^j 





n ^ 



I 



ijjji li,^ J* 



1 



\f. 15 j^j-JI .U 61 J* 




— ^ c 









I ji. 25 J j?Jl .UJ SI J» 

— !1 




I 60 j yJli i-Ull 01 J* 



l_,t- ^. fj 01 

8 ijojl >ui .uiri- i^" — I ip- 'V 









:2 jsail 1 
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7,^ juiri Lei. J.SII ^ 01 



^1 > ;5 ^ 

>J ijdt 




,U)1 01 :7^^ 



.S-L (SW) 



>l' 



^ jX*. jiji >Lf U. :o 
•tf J*? 'j* Jj>» cHj .fW- 
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^ 4:lJa! jjJubi 'l.apo |t-^ c>t ^Li jJUo^i jLi9-l (^JJ 

^JS JSj .(2 Joioiil _Paj|) ^«:L>.qJ| ^laJ sLa ^ (/^^ ^ 

(iJLJj .(2.6.3) ^ jJUaJI djA^ i^UJl oL:^ 

y^Hj dUL* cJlS l*--*^ .LJI _p jLs^l (►^l ^ Uijt 

izjLmjj^\j (L^^iSLII Ja^j (Pathogens) oLi^KJl 
3 .Cj\5jU\ ^ UjjPj Uii^l oltLiJlj oLJl-iJl 




>^.;.«j JIj .4Jijj>Jl aL«Jl ^ OLj^fli a (^pjjjil J^) 
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oljLj) oLlJ^Ij AiJU' dlj^ J-aJLjj ^(5^^ C«U^^ * 
.L(a^ »LJI ^1^1 tS^}i ^ J ajU^ Cij^ 

^ f\j=ry^ II* J-Uajj jl:^ (i^' J^"^^ "^^^ 

.t_ al^ j L-.w i/» >L«JI (irt*^ if'^ ^yrj j^-^' 

^ jLiL-j . (Faecal Colifonn Group) fJeiXi- jJiv" oli iJ ^ _jiJl 

jJkj tCjUlj;^! JaJLiij iiJjJb oI^Ja^ oliSliCJl aJLA 

tiyrj -^id (j^^^ ^3*5* Sal* (E. coli) ^ ^ W-i^l V 

JLli jj-Li« (►UJI _;iJLJL« 100 ^ UiJL* 41^!) lijjS^I ^ 
•V i^^l obSls:Jl JLs^l Jl t^Ul ij-jJ 
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aJL* ,JL» J ^^-.o^JI L-,JL^;jj (E. coli/ 100 ml = zero) L^jijCJI aJL* 
^ . j^^lSJL ^^^^ <^.^ LiJLLP Lib 'LtusJl 

^ JbJLiJl i^jjj .iuL^Pl jtll*]! tJLyJLicJl jL*auJl jji> 

E. coli/ 10 Jb- jJUoaJI tl< ^ iSfi^ ^ ■ .x^' J 4<<ijLmJI (^jj 
E. 50 oLj7,...i jiUflJl OIj jui 100 ml 

aL^)l iJL?-U i-l ^1 ilLi ija ^ ^^^^ <J^ '^oW 

•(6 J-^mJI) JjVI jJUflJl eL. ifJU* OL-*^^ 

^LjJlU SJLj-:r (Kits) 4-jJ|jLj^ Ol jdV AJL» ^ jJLj J 

(Testing) (j,<i!>»iJl j (Sampling) OLip'i/l JSl ^ JLirJ tjUs^ Wj>iJ 
oli ^\ ^ JbJbJl Ol» 4.1 UjSi 1*5 

oUalil tgj7iii« ^^^^^....^eiJ J^JLj oIjj^^jww.^ (Jil^ jJUa«JI 
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f'LJL! aIjiL^I ^UuJl ^^^^^wmjJ (Sanitary Survey) ^J>^ 



(Lloyd ^ yi!i\ ^ a^px-sa]! ol?- _^,o!l J '^•f^j 
tiXjjj oU<»_p»ij| (jjyi-Jl . and Hdmer, 1991) 

. (Periodic Sampling) Jo-yJ OL»Vl ►Wt iJ jX V it 
^jjs sLl^I ijbP jJ ^j^J^ 4.>,«^j 1^1-1.^1 4 ^j_«Jl --^-^^j 

jlki^l aLi - 2.3 

01 j:rVlS') (Ground Level Catchment) ^U^.i-'i/l ^1 

4jia:>uJI 'LaJI i^-i ■■ o^^*-^' oUa^ j! j^Wj 

^ jlk^Vl aL) ^|JL»^I <i\ .»jJi» SaU 

.5 gjJl y» Sj^Ul oNUJi 
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i^LJi ii--jJi ^ J-o-*^! V"-^ <^ j-^ ^j-Hi • 

^ Si>j .LJJlJI ijJL^I ^.^1 Jl^'bf (^j|^»:::»«Jl) 

^Jb>cl^ .LaJld ^iJJj^ <UP_^I oLIaP a 

.<L»^I 4Jl» aLJl ^ iULJii 

4j_^1«JI aL«Jl I..>1:>^ (-1 ^^^J^E^Lui^l 4^ jj t_.lla7ji 9 

J JLSJju (i jiu La I j| ^JLJi 0 j.> i/ioll ^ '-J^ > 




: LaJU» Z^\J>- i^utJt] \'i jlluSfl aLo ^1«j>c1>mI ^^|^s^ 
J (41^1 J^U- jUa^SlI JjJa^ i_^L< Ja*j Jv-jJ # 
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jLiJl ^jia^ia jl (jjWl jl i_..,<gS!l ^ cllaiioil ^^^jJa^l ^Jjt^Jj 

gyiJ jH^ f\y\ i;jj.s^l Q^ia^l ol ^ D| 
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L_j oI>j1j ijjl^ SjI* >-j1j-^I ij^ii-^oj .(3 JiwJl) ^Jx»Jl Sl>- 
.^pA:>tiJl ^^^..g jl jlj^l Jjuj (^JUl (Downpipe) iuuj.^\ 

i-^IjjaJI ^< >»\ iirt* Ja^l L>]j .fji^^yAJl * ji>«Jl 
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c-ij t^lll) t^JLliJl 1^1 J^l (j^^j** (Deflector Mate) 

«LJl ^^r*?^ J ^ ((Fasda Board) <U(^j 49-^ ^ S^U 

.(4 J5LUI) ";kSUl 
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^1 JUJIj oySilj j-L,jS(l 0- J»' J"- > <#>=~" a-"— 

ill>JI JJ U.^ JA-Oi t^^jVl ^ ol—. jjJ J 

Li>l-i^ 01>«>JI Sivw ^ ^-ffjTl iLl^ 
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ijLf! iZtj^ mAjLo ^L^Lui <lSL^ ^iitf J ^jSLajj .jLkjiSfl 

|t^Vl ^ 4^JtJl sJukj L^lytJlj (Debiis) 

j! jJLj- Dt y»j ^-T jLjii-l dUliAj .(5 JSLiJi) ..jLJaidI 
JI_j:i.V .L*j| ij jli^ ^ LjJUai J;5Uj ii^ v^*^*^' 

(Sump jj jjf^ <_j ^1 Ji»JL-L) ^;kJl ► Cj! 

.(6 JSLUI) Pipe) 



ikjLSduJi liJU^ A^L^ O jjtjo o^*-* i^ea.» ^ \ j ^^tf*mj 

4>-Li<ui ijiifi JL>-lj jLtJLt jIJacj UaSLuJui I jigui C)| 
tpUJi ^ IjLfJ 0,8 (JL-_^1 Ji-) iliJ t-ii- j>> Jb-lj 

Jola^uJl ^ i-jtliJl 49-L,.uo ilJlS' b)^ (4JL» .iloj^l cJIJ^I J'I^ 

(750 mm jjk (^_^i>Jl ^kJI J^^^a Jjbu o!j 8m xSm (^jL^ 

5 x 8 x 750 x 0,8 = 24000 l/year 



56 



24000/365 = 661 1/day j\ 

a^^la^li Cjl^ 0^ .|t.^L>-b>J Ui'^la IjJL/Xi jlkji'^l 



(Lo_^ 137) ^^^1 (j^ <^j^ tJLi;*- J-sAi ij»-L>Jl culls' liU 

137x35=47951 
.4,8m^ j] 

ijl»Jl aJL* ^ t (Factor of Safety) J-Lp iL-ipl jupj 

.JsVl ^^ L«SL. Iji. 5,5 Oji- jiJ"iUJl jI;- cJ,j5^ 



LI aJbjjj i^j^ut^ ij^J^^ tjljiJi lip .Jjl«Jl jl 



cJUJl ^ JSLiJ UjiJl ^1 >SfL ►Uj^U .lji ^ 
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Xij^si^S 0>JI JSI> J_p- 3.5 ►j^l >3I) t5>Sl ;LJ>JI 
Olj j_,3a« Olj^Jl ^liLi ijjj:>MJl oL<Jl ^j>i::x>^ j iJi* 

»J:>J| ^ 'JJ?^ jjip oLufcjl (^_J^i*«J V 

.(3.6 

UJA aUt-3.3 
IfcJi J^^l jSl>j SJj^Jl .^Jl ^ i.jUL. _ 1.3.3 

aJjk OL^Lij ,(2 ^^^1) iiJa *tftt^r^ V ^ <J*^^ (>° '--^ '^I 

ajl^,»Jl 49- ^.JIj ^Lyiit a>i« JLju ott.;ll sJLa ^ iZJj»'.t 

M^LjbJaJl oLSU^I (^AjjJ '^Uil ^ 4jJL«wJ| dl^l OlJdij 

i^HJi^l Cr- is^^' J\ L^Lh>-^ j^^^Ij *tr^l t> 



S8 



IS^ ^Lii jL^cyoJl ^UuJl JLfti9-l (Li^ 25 ^ L^^^J 
<LL^LL!| 4jL.^lj .^jJLju 4^ ^..^ji _^^»J| 01^ 50 ^ Ji 

iJJLL* t(3_^iiJlj iiisJl j^piiv^l lLi^^I Ji^Jb t-i-^ 

^\ jji^viJl oils- j! J::^^ d 
03s:; "^j .(Aquifer) ^SLJI ,>*5UJl jt V^^JI hj^\ oUJaJL 
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iaJaiuJl if^-j^l ii^l J . (Groundwater Table) ^ c^LJl 
J^:3*J y>A\ fLJl JLkJ ^5:... I jJ . (Uniform Granular Soil) 

t)^ t5j_^i»^l (3_jiiJ(j tLyflsJl t— o^LXJtJ j_jS i-iSj^ ijp-lj 

t-LSLJI olS.lall eJL* JjLi .Lfi>Uj!j (3_jiiJl 

.JL:>~ J J ./»-«- 1 1 Lo^l»- J^'^ yoj^ 

jl 0^ Vr-H L*^*-" i>*^ <y (j*^'^' J-^ "^J 

oL*Jl Jt/ . T .M LaJIP ^j^J^^ C^*** l5 J^^-^ (J* (j^J*^' C^*** jlJb«j| 

OL^ lip .(7 JiLiJI) (Spring) ^jSlI ^L, ^ 

LjL. \jJu^ t_JUi*Jl ^ jjci 41^1 J*>U- ijl^ i^L-Jl tiUAi 

JJlj la !l J_j-?- oL=jJlji-«JI <-^9 2.3.3 ^jjjJlj .^j'i/l 

<UkLua ^^ijjj j^j-^-fcj j_yjL^.i-Jl ^-o.j>tlj| jl ijjjJl 

aLJl J_^_pi jJk Ji'M' '^.J^ ^^J^' ^ J 

.(3.3.3 »j:jJl) >- t-5J jt (4.3.3 ►j:jJl) jIjT flJL;j:-.L 
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iJju* (j,*SLJI J (Impermeable Rocks) 
tiJlyjSfl (>*iL^I U .(8 JiLUI ^1) (Confined Aquifer) 
tUUj ^^^j jy-^s^ (>*^ >»j (Artesian Aquifer) 
^Jji t^'>*>ii-j <>-jd 

^Jb LoXLP k-JLlII IJl* D j^^^ • (Artesian Borehole) 
(Upper ^y»JL»JJ LJL>JI <i-L<-«Jl L2.J2JI JMj- (Fissure) J-Ji 

.(8 JSLlJI) Confining Layer) 
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:8 JS^JJi 



^ «_^^^Lj t'Lu.Jl ^Ij! 4JLJ9 Oj-^ ^ LJli- • 

.a oLa^jj <Ljl^^l oli>.>.>«lll 
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l^jHj 4^^Xj^Jail ^^^1 iJ^) 'Li^pJl sLwaJl ^b»>J * 
a.l.h.,.*!l oIaa:>>iJI LfLdlj J (^ijl >J 



.U_^i3»j \y>\i ^Jiii\ ^ vloJbJlj tSij^j^l jlj^fl 

^ j S, k iyrj^ (<LJL>uJl 'u^l 'LSL?- ^_^JL» L^tjit bJyiiJI JjL>- 
iJJUi* ^Sll ^ (SLs*!-^ ty.! ^^isJl t^j'J^I 

(J jJLl 4^LuiI (3 ^ fj-^*^ aL^Vl •i->^^>>j iliiAip 

aLJl oJUk 

(Drivesn Tubewdl) JL-JI 4^^Vl ^1 • 
(Jetted TubeweU) ojJVI jJ\ • 
(Hand -ougered c^j-J^i i-jLL!L«-j j! (^jJ-Jl j-i-sJl t-JLJ • 

Borehole) 
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(Machine - Drilled Borehole) ^Ml >»JI 

(Hand - Dug Well) LijJU S j^ii^ • 

.3.3.3 *>JI ol jLsi-Vl aJU 

.Ia>^ jLVl ^jJ! J4^I tv-^ V J^'^ 

iJLil!l ijlJaJl : oJlfj i»^LL<Jl 

10 J*ju iJLi jJl jt t (Rocky Soils) t-Jj^^lj (Heavy Clay) 

SjU 15- 

«Wellpoint» ^^»..T i^l^- ^ ^1 jjt {r|^ 
i, yu^l »LJI jijj LiJL:lp aJ* 0 J : 3SiU S^^! 

(•^ V iZj\»m.>^ iia^\jj »LJ| I jIjMI ^ 

^ tyu 80 ^ VJc^*^' 

(19 J-JU^ ^ L...2;7ll ;i> 01 
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J** L^i) V-r^' L** 

Jl— ^i*"^. ^hi^. t»J £_Li^J ckj*!!" 

4^L^ ^U*^ <li«.sA4 ^ ■* /*^ i^y^ "^^^^ (3^^*-^^ 

Jj .15** IjL. 45 Jl JlkJl . .LJI Jl 

tiUiJ *fLi V Jl* W il^AjJi i^yS ^yuu OJ ^j?»-J 

US' .^fisJl c-i yu j^jS Jii L«j iJVl j OL-JVI a jOS 

l^;>r.» ^^■^ *^^t^ J-^*^ ./!' « II oJLA (_;,aJIJ 

■ LijJLi ^J-»-!l l^../»tj t(<._j| tlJLj) » ii?-Li 
jLVl jAi: Ut^ j3L,ia*j| eJL* ^«^J ^^J-J^i •j.^iafcJI jli^l 
»LaJl Jb>-jj LgJiP J .^/^-^T 4]L>J| sJLa ^Jj<-!j .^^i^Jl J-^J ^ J-H^^ 

^Ij- i»-L^ j^yJLc. «.LoJl jjj) i.-JLpVI j«— 

jJLdj _ l>J^4^ J ^^i?- oLJLa^ lJjii^ jS 

jjL,« 0 i^'f j\ aUiVL - J** ^l! _ jLfj 



6S 



^ IjLi 40 Jb^ J** pUI a |i Jjl) iiLl< y_jSj LiJCLPj 

(1.2.4 ;u.,.,.ii J ;UL> f Lji- ►ui 

^»'Mi J.Jf ^Lwi^ ^JLj Jlft:^ (iUJJ LuiLug ^Jb 1.2,4 rJ^Jl 

. (Blair Bucket) »ji"5L jii* 

( ^yiflJl »— ioJi-i-.*]! oLl^Jl ^ JbJuJl (j-S^ L*^-> 

_}:>J| aL«Jl jA>cl\ ^ •-T'^ ^4^^ J -(.^ <^L*^I (jlJaj 

^ »UJ| JUaj ^c^^vaJ ^ <_iLi>Jl iuLfj ^ 

►ujLj (^jjlJi jLiu V o! (.T*^*^ .*i tsy^ 

f^j^ ^ *^ J^l aLJJ ilpli b^A»^ '^^■i^ 4:>-l»Jl fc-.llatf 

t^jL^I fciUi^j 4^L-Vl ^UmJI 3 Jj-b^l ^^^iij 

^L Jt - 2.3.3 

^js^\ ^L«J| (jLiaj (_gj)7i.i « 4^ (J-""^ (]/*-^ (j^ ^[>?^^ 

fi^LaJl 4.aJ9 L>JLL» <L!L>J| aJUk J..,aj>iJj -(j^J^I ^^^^ 
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-oLliSl ^j^^ Ljjj 2^ Cr" Vij* £^ 

..VaVl J^! ^ t^LJi U--Vj UkuJi >l1»IS D^lUVl CjISLJI 
UJj jt^ :ak < ^ ^IsJl (tJa«*j ilja Jl* ij t^^'JLi j*Jlj 
.^lijJl JJ! 1*15 jl i-Jl Vila ^^l^ 

^l^^iJl ijLgj- •w'^^ ,j,*jV| t^LuJJj (JijiJ is- aS ji 

.\t> jJbJl 4.../a| b)t iiji ^ *^ »UJl ^^^t*?^ '^'tH*^ 




: iJLJl jj^l jP^U OUaj 

.Jja^JLjI^mJI C'LaJl JUoj} iJl^^ ^jA<..J>cl] # 

• M} iiaUaj ->r « I ij^ iil ... « I ^jVl J^la C ./»7«l 

JjLnja J4JU . J Ifl « II J jiaJk ^ jj./ai cJij Jbu i^jA 
IJLp ^ij'' ii^lp (-jUjJ >JLm ijlj>Jl 
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Y - Y ^UJl 



Tsiunr (1999) : 

l^li>- ^■.'^'j I >^ J-Lj ^"-^ J-s^) ikiUt-aJJ J 

^^'^i l)I l"--^ U5 55»-jJll/« jUfi^l 1^ ^Ji ^|jL>wL»ill 

i_j-,aSl (J-»^ r"'^ tlKr*^' ilr^ Jii^^l j»t>Jlj «-JuJl (3Jii*Jl jt 

•LoiiLo Jbjjj ( (iJDS jJbu l^lj .S^biJl J^l»- ^ ^uo JJLxjO 
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j>k#Jlj JJLi^ j\ 4(^U*1 (Overflow Pipe) jJL j-aJ1 

(5 Ci'*»* ^<^^l (5 iij^ 6t '•-''^ 't' 








Jl v^.lJI .>>:ll <a»-l»Jl .kUJl i 










:10 JSLill 
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Jl/y) i3\jL_. jJ._Jl 




:ll JCill 
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(Spring Box) ,_y^L; (ijJLUo i>fj«-II j^jji ^ ULj-I ^LSjj 
j_j3l aJ^^ ^ s^IaJI jti^lj jl-A*- ^ jc*^ (3j' (J-* 

.(12 JSLiJl) JjOisflJI Ji-b 
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ajlxil LfS VJ^J 'j:^' 4da9-!>Li 

iijs jt ^uiJaJl (jji>>4 0 ^ ^ji^^ iSJi^ Cj>Jj 



^1 g^l;:*^ iiJjJl 2 cJljjsr J-i" cJlS lij 
20 Lf*j>.j»- (Jcrrycan) i».-jL^ »J*J JSLij 

\yLJ 2880 ij^L- 24 J-iLi-j 4; ,p cijp ^ . ; . !l 

JL* ^iJL»^"iU Loi^-i 140 jjiSL L. t(24 x 60 x 2) 

^IjuuI iJLs- .f jiJ 20 ^ a ^1 ^j-L-l 
«LJ1 b 140 Jl a^Ls- i^JJ |ij"5Ul 0>JI 

^u^t^ <_<jHa«|| ^^i^^^^l t_jL»>- tiiUJJ ^_^i|A7in) .4la ^Lk^ 
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£L.ui <L)uLJl <pLJI aL^Jl ^^u«.j>ij t-Ai^ LiJULjp « JLIaJI 
sLaJI {i-?^ c)^ ((j^Jid 660 j] Jl^Lm 11) L>-Lv> 'LdidLJlj 

1320 = 660 X 2 

20 a jJai j j . ' , /f J^li- j sL^I t^j^^ 

140 Jl (JJlid 10 JJb SJb-lj ^iJb liyJ 20 

.|t.^L» ^^>u>>::] -Witi ^jJl (4»Li 2.33) iiJi 140 

La .^0^1 jLLLrf Jbu Iji »LJl ^JLjCJ M il>f»>> ajLa aIju 

.liJjai J f\j:J 20 JJb 

jJLj^ (Ills' (^iil pUI 
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dijijfixi tJjJLLP .i_^_^L 1j jt jui 

^ _y«Jl J oLSU jJ\ 4uJa2j ^ulUl *— lAjUt iJaiu L^l 

^^LkJl jt jIaJLi 100 iJlu^^j^l^ aSLLj 'ia;'^ ajLo 

JjzJL. 150 JS'L— 

9 JiLiJi) ^^^..^LJI ^Ul jaLij I2]ai^\ ^ 

iJLii JLfcS' ^ ijlJail iijlil i>"5UJl J-»-<«Jj .(11 JillJlj 
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.(13 JSLUI) M^Lr JU^j jv^l ^ jbu.1 8 

j| ^1 ^ *>loU- pUJI sLSj JU- 

. (Sedimentation Chamber) J ij>M^ tj^^ "^-^ 

i^Jiu^ fUi its' <;j| V^*^' <Ju^\ iiiji 

t)J>Jl ij\ >UJl J J J-S' e j»«i>- L**-? 

IwJ^^lL LoJLlP IfjJLxj ^IaJ JLSJ '/> ^\ jZLwaS 

OIji- LoJ (3.6 f'j^^O .Aj^jJl S^^«-j ^ ^j^jA^ »Lo 

Ji-JuJl JjjJs OIj^ JUij DL*-^ iJjLp (l)ljJLi>.j 

^ I jXe JuS ^1 a »LaJl ^^aP Cij^ C)t «~.>i>aJJ 1*5^ .^^^>uJl 



77 



>3l (ijt^Jl »Ja^ L,Lr »LJt JJt:^J ol^ 




• j^ji-t 3j«I V j^^JJl tJjS--. 

SJbJLftJl -t •- ^t J ^0 r ■ >■ \\ (j^ ^ la") ^, J 2 « " (wt-^j (LJlLaj 
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ifijjVl J >JI 3.3.3 



,^j2ii UmJI ^1^1 

jiJ -uL J-jL jjl>J1 (J-iJJl iwijjjtill ol j-Il 
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Jjiai i^^^j ^^j^ ^-i^'^ VJ^^ J^'^ ^ 

. (Telescope Casing) 

old (Drilling Bits) ^yL>- |i|jL»c:L^I ^l^^ i'iA ^^SLJLJl ^^i>Jl 
^jdL! OljJL:>Jl 4SLw ^L^Llui^I t.-A^L;Vl LiU- ^JL>ci^j 

■a.ll.^ yiavJl 

(Driven Jl « !l i-^j^'"^! ^lJI i^ t ' jj-t i-j-U ^ 
jjJLe L* jAj>- i\ ij^l f.1 yi>-\ JUL* J .^b ^.-i^^JL::^ Tubewell) 
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IJU c-i* oli)/ c5>l JSl> ui^^ 

j] 7 a « ^ jlji II « pm ..IB « I i^^^jlaJi ^ ,>J^i 

yL»iJI sSjji olil i,A « II aJUk ^JLj ,^^5Lftjj .Jjj».^i^ 

ijj^, twJj ^jLkJ (^JLII _^jL>J| 0^^\jj .aJLp- ^ JJ'JUJI 

Ol^Vlj ' ijii 4jL(j i^^:?- JLL^ c)t 41*3^ 

ot 4^ ,^^?<^l sLl^I ^^^^^ {S j'"^* 1^ ^Li^cjj 

Ajjj iiUU^i DL^ lip .*iS^j L-5Sj| 

.j^lj J,^L .^1 y£ *>UJ ^Ul ,>^l 

i^^jji^ j«-=?^i its' ^1 ip-u 
JjjUi J:>jij .iiiUi v-^i y*^' '-i* t2!r^^l 

^J.«jlJ ^Jju jLiJljg ^|jL»uiyL) - - J iw.^L7- jl^^oVLi 

J^^A Qla ii<b1 (Seal) ^j-j-^i^ai ji»Jl t 11 .iJl 
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f-^*-^ JSSfl Ji^lj JuAj, (i_^iiJl Jjc^ ^>ij 

• liA:>- ^j'i^ (J^JJ ' ' j i*^ ^J"^ Sal* 5 ^^JL^Jl 

o^^^. iJ'X V^Llo jOs- SaUj «jL. ^;j5L*j iaklJl 

a J^i>«-*-!l I Las' m ^5 j7 ... ii ^2;^ jLliit 

^ iftU t^l_ji>- t^lj t(.-SlJLjlj *iJ_fJi |>.fr.Kll 
,j>,^ dLiaj 4j>u,^Li SaL*^ t^jSfl 

^ <i>^>H ^^^1 sjJUaji (^t J ^Iaj (Sanitary Seal) 
(Contacted Qay) jiiSUJi jJajl jUjj . v aLJl ^[j i j:t^\ 

i^^^bi-u^elJ e^jiaj t„JLpSf I >Lua.«Jl i {*^^ ^ 
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ol>^ ^ iji^lJl jis^\ OLJfl iilJl UijI ^jJa^l (J-*Au '^^^J-^J 

iJliij ^ (Surge Plunger) iii*^ ^iJli^JL^Li jl ( ^,i>Jl 
ij^l JJlia J jj-i LgJ'>L»- (.-ij 5 ^ j->Jl pLJU 

SjjL^uJl jI»LaJI ^ liUJL^ J s jJtLsJl ^J*^ ( ^ 
J « ; j-d-9«Jl *>:>^-^ pLijt j.y«Jl IJL* ^ 

.(6.3 ^1) jL^I lJuk yt>JI jji^ 
.^ij-^ liJLIJL^j ajJL>ij ^Li^L^Jl ^J.;^li:L!l ^j-xj 

^Lli (^4^ JjUu ^ ^yt»JI (.^.Jj aj^^ Li c)!^ I^^ Ia^V 'ijjjj^ 
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^JLP (SL^ iiii'i \'.t,]a'!.0\ Li (L;^ JlUJl Jff^ .^19- 
jt (oLaJI oJUk t_ij^<,aj 4f* ' 4Lili| 
.joJl ^ IJUu <ij-»ilfl...ll aLJl 

Jilij >i- .►Ul i_<lSLJI ab- ^ Jla-jSl ^ >JI 

4jt ^ p^jJl ^) .>,J| t-i* ^ vi^^l ►Ul 

4jlkJl (^^»>vi}l i-fr^l ^j-^ 0^ 4:;3>JI 4^UaJl |ila^^l Jio 

«. I.A.J ^7 a J 100 45^La.dw«J L ia o 1 J ^1 i.. o !l kl^ (j^ Oi>Lp 

^ ■ -,^^1 (3 jj jJt^cJl AjUoj *— '^'T^ (LjiJL«>a 

•LJI o-i^J .(44 J^LlJl) iiivio-Sl SJL*li J^l^ ^^^-^ J 

^Jifi] ^\ J ^ 4»u,a*Jl 5Jl*L2J (Jli-Jl iiUJi 
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jt <^Ii^1j oljdSfl aJuk aJUajJI Sj^I 

J»LL<i^ ^ ^^i»Jlj 3Ji\Si\ i2jjai\j •('Uj^ f^'^' 

(JjlJ jt) *iUL-j aU^I Jj>.j)(l flJi^L JjJL ^1 ii> 
L+jI VI JiJLJl ^ iyoJl oljaSfl OlSC-V^ "^l t*-* 

iSLoi^ oij^Sfi (^.^aJj ^v^?^' 'W^' {Sy^ 

jl ^Ls^ii^ <_j'^ jt ill _^ LfU-lj j! ill _^ja-uiSll jIP^Ij 

ojli^i^l ol jaVl L.t .(15 JSLlJl) Ji-lJLil ^1 ^L-- 

LfilSl. olja^^l J? iUjj 0.5 J5 Jbij 

,;;,f->*.:Jj .(15 JSLiJI) Sj_^i*«Jl ;u^l oU»)ILj 

.t^J\> 



8S 





(_]-•■>«-! i.iL«->-» jjji* jiJ-'^ JuJoo ijj-b ^^jis- 

.(16 JjCiJl) 
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il^ j»J vl-ij J^uli Jfili^t 



>>JI ^l—ii .LJl :Uj>JI 

jl >J| 

Lfcitri.iit c^jSuJS J— ' ol^l ■» 
fSjA Jl fJt%t JUS ]>U> fl^ir t Jij .i^ACjl 

c^j^j dji '^j^ fly; .: .*! i^r^Uj • 

31s>ll Ujl— 

^1 ^1 >V .u)i Jl i^uJi • 

jl ;~i*Jl • 
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J^) ^Ji't JS' ^ ^ 

(Rotary ^JuJLi ^fjL>Jl Sjlp j (PBtcussion Rig) JjlSLj _^iL>Jl SJLp 
Jti^ •^Jj' 'l^^ aJLiJi Ji^tj (Kig) 

4P jAA *j\ jfia^ ^_yip {^jS»tJ a ypjt Knii ^JL>>Ly»JJ ^l.;^ ,;A3 

V tj^l ^^J '(ji^l 4jjL>J| ^1 jilj ^^al oL»-j 

iJljJa^SlI sJLa (_^« ...Tj .olaSfl Jj-ia o !l ij^lj *UJl J*'^^ 
.iL 3* ^^y^j^ 4.9-1! jii ii.^t! ^jl>»i.i^j .(Bailer) 4j>~jJLaJij 

(_J jjj ^,i:>Jl (J_f^ i*^^ ^,^5- oJiA jlS^^iL 

OU...A.. L.i Ji*ii ^Lli: (_yJj dUi J>\ ;iiL^)fL| ^^b^^'j 

IJL^!) a ^ fi ^ jU'-'^ >^ oUapL^ |i|Jb>ci<diilj 
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(DTH: Down the Hole c-. iS t !l JJ>-\3 4JjJa-.JI iJ-jj-k j 
i^j ' jiJ'^^ j^^^j i5 .r'"^^ Hammer) 

^ Uj_Pa]| (JLa .iyAaW jj»u,aJt _/>^ ^ (J^^^ aJLiU 

sI:j Jlrft ^ J JJCJI »l ij-"^^. j^'^ ^ ^ 
JUiJl UULJI yjJbj vMjl.-^ *(DriU Shaft) >*JI 

|jr-jL^ • J ...^'.^ 1| j^^^u^l oi4t..i.i>- Joiiljj Ztil ^^jtS ^ ^eJo^I 

Ufljl ^yu j^ji »l jLj ik-l_^ 

j>A jvai J"5U- a^iiJi bvi 3JL1J1 ^jjs^ 

jJi^f jjLt- ajL» a 1^ Ja»Jl ^j^^^^ti 

jsLUi) ^ 125 ^ jbjj "if .-i.u- >ij tiJ'^i AA*ji ^ _;sJs;l 

^1 iL^i»^\ ^1 aJL* Saljj iJL»Jl aJuk cJL** jS j .(17 

Ji-^I L. (^1 o5«Uj Ji> ^) ^jS/lj OLJ)/l 

Lfit Loj! lJukj iHJjjJUfllj jIjj 4jJLJLSdl dJi«Jl ^ 

(aJj-oIjo) J-fcjJL! iJLjli ajuJI ••j-i^ (j^'iJl 

|t-2ij LfU ^LU (j^J ^,i»Jl iiij^ dJbJl sJla |t-i9ju 

.DTH 

J_^.i,a»Jl <>;->^ IjU (4JL» Wilis' 1^ c)1 (1;^^ ^yi^Jl 
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ji*tJt t^J^i^ J^l^ j-i>Jl jl ^UJl ^ t el ^1 

14 jj ^^ Ji^lJl L>j& Ol i^i^li .oLiii^l j^UtII 

JUilll ifjl— >:^j Jji ja>JL |.L2ll Uld] • 
IjS- 40 ^ -liji • 
Jb fj.) jl>lll ujU. 




I ^ ^jfiiiJSl ijiL jii ^ jie- 



:i7 jsajl 
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lyt^ jl i^ji^S^ o"-^ ^'^\ Jl^l ij^) ji>^\ 

4_j_^t jjk >-i^4*^l v^H^ cM"'* (WeUpoint) t-l^i*^! 

aJI t^.la.ta j! t_~Sl»j 4iiLfi S*!"^ ij^^ (^^^ 

(Wedge-Wire Screen) jji^^i jy-^*^ ^iJii^L LftilJL-Jl 
tjlji^iJL!! <->ijLil 0 *^ J .(Jj-lJL!l jJiJi O^So 

^jS- ^ "* t— dfi^uJl j^'p-'> (Jt^^ '—'^T'^ ' ■ aJL*^ 



J\ (Drive Head) Jpl ^Ij i^^^ J^^Vl ^ ji« 
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SUJI i^Lndtl JSI> 
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^JUI »UJL! j^Lyf i^^l:^ oJL* (.^LiSlI ^iJLJLi J-*^j 

O jJv Jbu ^LpLJI jjtP aL>^ ^^j^) jLy^ 't^^ *-r^^^' 

(I juAjt 50 - 30) Jiaji\ ij^ju^ ojLp iwijiijti!! *— >^LjI 0 
i^^LsoijtVl oL>r .,A a ! LoLaJ <uJ^ <iiL.^I <Ljj^S|| jIjSII Oli 
c-j^ jJLji 7.5 j-i-^ ^j-d O-' '-'J-^ ^ 4-5jj-kJl 

.(2.5.4 Pj^jJl ^ 
j,J!>U]| J**JI J\ Sf jl >^ i-Jj *.LUi \:\^\ ^ J 

Jlj::3^i ifljjJaJl aJl* J-oJiJ .^^ii>«-!l flju>li Cls^j ^^r*^-^' 
> 

tLl* .JjjILaJI J_^I Jlj:^! j^JbiLj t_j>-ljJl Jjlail 

1— ^jS ^|jL>tJL>>.| Oj.So Ja^ 5-^<»L>Jl oML>Jl ^j^JU ^ <jl 
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jJi,>^ i. ' ^ »LaJl ^^^^ j-^^ fi ^T^^ ..^^ ^ J' /" 

.iljlJl Ji^;i^ (»J^Vl yd (Jijl*j| |«i_;-»Jl f'LJl ^jij 

.»LJIj I^JLji- ^ ii^jLCj jJLLJl 

aJLuJIj .^-^I ^LJI ^\JJ^\ JjSfj! iLitilj sals^l ^L-^SlI 

tiibit* iJL*^ 0">L^J (_yJj iiU^VL) iJl iiivij ajLp ^b>eJ 

Lp-UJ c^l (16 JSLlJl) ^^Ij SjIxJl 5jjjJI ik-^l jl 

aJiA i^l^^:...' aL*Jl oLfcS' (JjI-Sjj tijjJl ^ J^I cji«..»>- 
^■.■U;7!l aJT jSUi vjiWjl J*«]| Jl L-aJl J^. 

a ojjj^ ^jAj\di\ (wJS-JLilj|j _^L>tj| ^,.^Ui<" j^^^aaJI ^ 

Jjbui JJLL Lfcji J^L»JI t-Jl J"iL^ c-^^. ,j...kJidl 

. (Excavation) 
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i^y^' <J^^ J'l O^. ^^"^ 

.('iJLLii!) 3:!-UJI SjlpIS '^o^' 

A _;i>MJj .^.lUiili t-iS^ ^c^j>bvaj| JajJI ^UJl J^iiOJ LiJLlPj 

JJUjiJ Jail 



4Ll»Jl oU..«?Jl aJL^ JJLL o1 ^..a-il Jjlju d1 

95 



^^AJUJ •^^^ J^'-^ Iwiij yi^^ Sl*»JI XhiJiOi^ X^y^ ^ »L!LjV 

JjSlI c-Jilj| t-JL^ J\ (pLLjI JJ! ijUj L-JiJ ylJj .»UL 

;Ljliil S^;i>JI J«juj .oLaJI ojj^ JkJUL^ (^iJl »LJI 

« _^ ^JiJIj »LJI tju ot JJ *JLj5iJl iJUoJl JLJjj JU> .1* 

3 J^j ^ ^iaSi JbJL»Jl ^ f*^^ (iiJLlf .4Jlj 

t--ijlj! ^^jfj Ji- |tJ t ^SSl j! « 

oJb ^JL>tI.u«jj iJLi^l jJ=i"J (Jt* (^r* ib* iiL_jj>tlj 

I.. i>ji (i_jj^Sfl ^-Ajjl LJLSo ^1 - -.^^ Ul U i. Ajtki jl) 

<U_^I A^jA^ o 1 ! 4i* aJu Jj>- ^1 *— ' ^^'^^ ^'"'""^''l 

.UlxJI iLjJl Wj^ Js-J^ J^'^ '"^ a* 

.Am ijj^l j_;>a«J 

1^ J-«-<>ti (J-fc^I ^iij-l' <-J j-jjVl ^^JLj s ^,jl»J| cJLLp U-Wj 
4*3 (>° ^J^J 4iL^J i:>-UJl CiAt^I bjj t^jS/l 



96 



.^^ibJl j! »LJL t^JLa >^,8tll ^ jS^^ 4jLju sIa^JI 

(Screen) ^ ^.r^l'S cjLJLkj ^L>J»| 0-^-^ (JLsjllp 

CJlS' ISLi .aLo^l 'LLi^ J')U>- ^LJIj LlJLi t^.Ztll f^LLI Iw^:>>j 



pLaJl <_^^,^ Jjbu J^JLoj J iwaJLiLj ^ 3JJ>1 ..!« U (»L<Jl ^ 

j^^JLe SjjJai- cIjjjJI Sjjj-^L) jj-Jj ^.aiJl L:>-jL?- 

.(5.3 

iwJlill .i.^aw^i ^JL»>:Li<l Li ^ "j'^jl 

^iJil t^'^UJl Vi^^ ''J^lj ^AS'^i 0^ (iiii^ 
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pAirl^j .JL»-Ij 'L^uW ^L*^ Aji pJlirl-J (^JJI l^^pl J*^ «> 

Uii- JuL-t .UJl 

aJl^'j .i_*3|_^AJI ^^iatll Lf^^ 1^1 JJ _j.t»JI 

ji>J\ ivli^ SaIjjJj .•■UJl i jjJ 
aJJju hl^l; J'^^ 0* >*^' 



c^li alj- ^ »Li*^ o\JL*Jl .lii ,;jSUi • 




. Shaw (1999) : >M«il 



L jJb Sj_,i».Jl jL^I - 4.3.3 

oJuLw iJUjJl (1)1 .J-«J<-Il |_yJL* i^ljJb^L) t^a^^ {»_^ 

jL^I i^^JLtLxJl ,_yJLP Sj^jJastll ft .,(77' -^T^ j^^J J^^'J'^ 

JjjjJl olS'js^ iJl v-jfo t-iJU .Jli-ljJl 
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^ 

^0^1-^1 JJ ^ ^jVl JjS iJjli J-^ 

C,^j^ ikj^^i^M 4iL«j^l 



M s^iiJi ^1 4iiLj 



C.j' j' jr" a*'-" jj* 

^1 
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i*J"5Lo ijdl Uij>- jj^jJb <-jl5i« 

JJid tiUij tGUJI ^ ,_,iIiJl (ii^l jb.1 3) (_r:»«Jlj 

.^1 jjl* fUaP ^^JJ f^^k '-j^ 'U^^^J 




l> i--Jj ^Lil ^ dUllA 

J_^-sA9JL5 !>lf->- ^^jy "^^LiJl iJL5iL«l ^ysu 



.LJI 



aL«Jl dLwi^ abS • 
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j^gJl . 1 U i| f.L«-j^ ijJLii j«J^L> 0 jj- C"-?"^ 



Ijja ailaJl .1* jiJ -J^ij .(JjjIUI) ^S/I j\ c^,^ ^\ ^ sUiJi 

M ^^jLi U^LSjI Ljlf^-l iifcju a ^^^^**^ iliSJl ^js^ 

^ Idj^^l aJuk .pLJL! |JLiiSfl <Ll2i]| ^ 0^^->^l^ ^^^^ 
^ J ^Sl (Lining) Ji-li ytilj ^1 JU*! «IS 

oUL>- ii (22 jXiJl) 4jJL>mJ| ji>L^^ '^^^ j ••^k- 

^ L(^IJL>cJLuiLj <ii ,^^1 J-^^ »L1jI ^Loj <I3Jj9 .sLLudI 
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>;|w'>l :!lsi 



JS |4 0,5 l*:- JS (jkS ab. Ji-b >l) 



II M 



^^^^^^^^^^ (fJ*^ VJ^***^^ jl'^U (Vl>-> oL>l2i M V- jIjLi / JaJj jja>- 
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^bjjj SUli ^ 4^LJI j;...^H yJl 

*'Uj Ur^jjJiJ q1 aJL* .4.1 ./ill t_jji3l ^ UL^I 

d5i b^i ^ jl j:Jl fjjjj Ij^Jj ^1^1 JljJ 6LJI ^ 

JU- ^ ^^jJl OsisuJl i\yt\j jJL»I ai 0^ ijJl:* tS_;»-T iijiJSi 




j"' -l"^ C>l li-i 







:22 js:^ 
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bdr .(24 jsLiJi) jiJLtJi ^ i^i^i vjjbu 
.*LJ1 ^> (1.2.4 >;l I je^jb Sicjt. jt) 4e>;JI 




:23 JSJJI 



104 
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^ ^J^lj Jp^l ^|Jl»^l ^ 'ijj'^l 4»«',a*Jl ^Jic^^ 

JU> OISUI ail_p cJLku. VI t^l ^ ►Ul 
CjIX-JI (J^j lajj .LfS-ilal !jJLi!l j^jJ Olj ii»-<ft*J' 



jsLui) (^_, .iii^T,.., H ^ ^\ 

C)I t jl .lif- jIjuoiI j_yJl* il}L./g2!l ojL* ^^yj (34 
j-S-JlJI ''-a^ "-iinj JLos-l 1^ JjL<._^I sJLa JJ-Sj 



(iij tLJii/.j .iiLiAj LSU- l^v-*^ 
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jj^Mit iim^ (dUJJ ^l^j •'^ (Sy^^ 1^ L^yi^^ 
^Ja^ ^ Ji-la a^*i> fNjlJLj yUl ^ 

( J|_P1) iJjLj ^ Ji-b ^yi^ Ji J_>ij 

L*3_^ Ji?- 1^^ .ejU^ oljlp ^J^J (>° -J^^^ a»Ua4 
LsJLj i^jfJl (►JJj .J^I LfeJj Jj:iJ Ol JJ jSJl liiiJl jl 

^li^ ^IJLp«:LuiIj »I jaJI j»i t^^>*i ^Jt*^ ^liaj ^IJLivLuilj 

a j*^^ Cj* '^"J^ Jj-iJ Ji^ (,^^*■ f '"J^**^' 

t— >:?>J UjUj ( J«P J^U- kjbu^ jt OUo^t 

it L-*^. ^1! .ytJl JJ-b JU*J| 0^. *L.b)/lj pLU)/I 

4U»^ 4J>JL»- jjJLp Ju^ JjiLe 

iLi* ajSij JU> JoJl Cj! ,_^Ji-Lu 4j|JLii ;Jls- ^ JIpVI 

Ij^t (,_»Ab iiUtj ^J^^C^\ ^ Jj^ V-?«iJ 

.(S.3 f-y^lS Jai\) ^1 i-iLkj juj 
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I,»JaJ) ali) - 4.3 

* * 



IijUU - 1.4.3 

^ aOplSlI aJUk JLIj J .V Lf^IvJbu ^ ^ \a 

jLl^Vl ^»>.T..< ^ J JLjjJI ^Lj ^ id «L*J| 
_^JL»J V aL«Jl aJL* t^^J l^J^ J»LU Jb>-^ "if tl^^ 

jj] M j! ^^,/7->raT^.< ^aLiJl »_^»»Jlj .^j-iJl jjiS j! isw'Li oLjl>- 
jLfjSlI 3.3 .j^l ^ ^1 

jtj-ii i-gJajt 1^ jj-T jl I JLb jJI ^ JLuii >Lij twJLkijj 

(j/aaJLij .f.LijVlj f.lJl J^UlJ kiUiS'j ^*5Ul p«./t7!Ij J.l->r i[ 
.<L>rla..]| sLaJl Jj:>- 4«4aJI j_;.aju 11 



^ Lj^ ijij^l oLaJlj .aJL^^ CjLjJUjC _;»jiJ 
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kiilJ U^'if J tc-fjL^I aJUk Oij t^JlijJi 

^» — aLut <-^jL^«J ^^La - ■/''t oLa-w> 4.4.3 j^Ji 
jL,A1^1j 6 ^■/Tull ^_j,a»cjtljj .4^1x^1 ji'^ LfJuQ P'LgJi 

..lid! ajj^ui ^ UaiSf LLj- 

S^-^h,.!! c^JI - 2.4.3 
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TjLi>- Ljji dj^ tJjIJL^LS' i;»Ja-Jl eLJU 

JjL) 11* ^LJI flJLi^l J-^^ (1 J5LiJl) ^h... !l ^ 

(Infiltration jj ^j-^^ j^xLuSfl JjiSj 

_j;>Jl fUJl (_j Cm jia J^ju i— jIj Gallery) 

< I "^"^J .'LAlt 'i^J^t IJLa JJU^Ijj 

J* t5**»*^^ Jffla^J *._J!ul ^f*:>>J 
J ^l^>JH ^ .oLoJaJl aJLgj ^^^1 

(12jLi ^1 a^^^ 'U.ij Uj oIJaI* JS^j 'ijjfjVl 

^Uil iiJb*^ *^s:s^ ^^y* J'j^ ^ ^1 j*^ 0^ lijj 

.(26 JSLUI ^ ^ . ^1) 

(jf^joJl ^ X\,/i»\* oliJaj t-^^Sfl 4J»U-| 

^IjJt ( sJL* Xmi y y kiUJL! ( Jif^Li jAj 

^ JLJ J (Roofing Sheets) v-a.Z.-T 

<J Jo^^mJI jt i-J ^J^Lv-l 4JL«^ j3 JJ 
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iJjL» JL-JLL* iJL«j> t(Geotextfle) kljjiaj 



.(3.4,3 ^jifiJl ^LJl J;J^ 

jj^ »L±lj| jjl^.tj Lj-^ sJLt-Ij ^lLi^P? tiJULlA J 
isL:>- ^jfi^ ^LLi j_j*J j_y9 ^L«J| (_J j7i.. « ^^^^ 

aU J^ij jt-SjlJl ^,ii>Jl O^^jj t^^l f\>r;^' t— JL>- j^^Jj 
^ (Inlet) ^;^«Jl <iJU0j « 1^* i-:"^ (|j^«Jl til^ ^ 

jJUa«Jl ^ »UJl OIj^ (.r^^' (^^1 jJL,A«Ji 

pUJL! ^U— U tSLiJl jt /i^"^! (Gravity Flow Outlet) 
Uii^ Jj«=r ./ivil liA t^ajj tclUJi^ •lSjs^'j 

^^liJl ^-ia-^ L«-^ J ,<a^Ja^ *— ^ j-aI^I j oL»1.«>1| JLuJ 
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(tiji •■U3I Lr^') 



o 



























.(R^jiga|iiliiiiiidSliiffiiiiii)(19M) : jl 

>L«Jl ^Ja-j (3 jj (Gallery) i_i^,wa^ ^LJiJl jjt 

i,^-'-^ LvijI iijjiiJl oJl» jJajcl^ .j-fJl ►LaJl (_5 ^ _p 
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►LiJj ^ (Seasonal River) ^ ^ i~>j^ 

oL-. ^1 iiJLj-i 0 j>«Jl «^LJ| J .(28 (Sand Dam) ^1 

^ & ^ 

<L>c^ ^r^^ J^t^ ' Al^Jl (J^l>- L>-lju> ^k-k^u 

Jj^l ^Ja^ ^y>jj^ t«jLL>Jl ■Jjj-Sl 

jjSfl oLi....->Jl DJj t jlJI js ij>,asi^\ J J\ ii\ 0 -^i 
D (1)1 Sfju ^UftJl »L«JLj Ljj^ ai (>dj-«-!l j jj-o-l^^l 
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:28 JSUJI 
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JUmJI ^yeul\t ^1 - 3.4.3 



(|JL. 0,5 - 2,0) ^ J-j. 



1 



SMS ^-i a_b>-j 

XlO- 2 - 5) ^ J.J 




.SWS 
.SWS(1992) :j 



:29 JSCaII 



^ 4145 j^^, t^JJl tSWS (.IkJl !JLa Jl* iiloSlI 

.(29 J^l) ola j!) ijil. LJJL*/i ^l^pl 
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i_y>^\ ^^JJ *^J^'^ L** '"•'J^S-^I J_jilJI 

ol«^...>ll oIa ciUdj oLJl ^ AijiuJi ol«j...->JL L(SLi:L>-l 

^ it jt JJUI gyU- JLJ Ul 

JJ JjL^ ^ytiJl ^yJ,\J (^Ui ,^vi>JLj sws buJ 

JU5|j JjJLsAil ^JLJ sl^'ij kl^^j^S adUl ^ ^LkS^ 

JjjLv^l t^;^UJl "sis' .(29 JSLiJi) A^is^ 

DL? Ob .J jJ^I ^Ls v:^^" J-S^ SWS c . .^7 

Lc . ...J 

JL.J ^IS 0 jSUJi ^ dUi J* ol»i-S jJl 



ar^i jt j^di yjUjj _ 4.4.3 
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^ .sIaIpVI y JUJLI .kJa>«j ^1 ^l'^^ 

L> ^lislS- aj_^.«aj jt-A^iOAJl .i^JLlft s 

^l*i,aJi AJt-l:] aK^L* 

»UI ^ »UI 




:30 js;^! 
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4-^ j-«-»JI f'lj-ir^l i_f»->^ I'iSjj'^^ >.,,i^)a::\ \ JjLjuJI ^ 
jb-jl c-li jU*! jl t(30 JSLiJI) ij^ j^w 
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jJUaaJI yu> |jb>- ^ <»« ! l {^jjl^^ <^.>^ *^ 

V .ajUJl U-^l JLpSII >JI o^y ^^LJI 

t_j j-*Jl »LJI tils' J*p (i j^mJI o^^. js*^ 

42]jLi ^1 jlJi tsy^ J •''"-^1 aIj^i 

. Jjjj>Jl j! <iL,« (_yL* i^'^ v J— ^ f'LUj i^^^-ojj IJLa 

(31 JiLlJl) iJjjoi ^ JsL» J^r^^ ^iJiiJLu-l (j^l^jj .I-l^ 

flk»Jl .Sji^l oliU«Jlj ^lijSfl JJ-JlJI 

iJL,j:^\ J A St) JLp (Scum-boaid) ^jJ 

Jl vllJl J>J 
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,Pickford(1991) : >UaJI 



:32 JSCiJI 



^ ivcli- iw«jfcl li (Floating Intake) (_jiUaJl 

^tkwu jji ^ iwis^ jlJLi«j (Float) (.s^'A:^ i_j^,.u>^1 

^jSj ^[S J\ ^ ^IkJl ^^^^ (,pLJ1 

j_jiUaJl j -w».« J l JjJ^ ij-*-^ (J^'-'-«-5l ij-^-MJ 

^ ^1 ^ll9«J t_Jj.w.^li ( ^J'i (^^^^1^ LftiUs 

.(30 JSLUI) i jju Si^jL. 
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:33 JS^^I 



.jJiOaJI ^ixwiiljj 4Ija f-LftJl ^j^MJ (^Jiil ^^AJ^\i ijJ>9- kiUllAj 

sJuLJl Jl ^1jl;.jlw«L I ^ 3.5 ^ J-«-iJl tJuh Ju_^ 

oJuh ^ JlJ j .(32 J_SLlJl) (Centrifugal Pump) 

tfrUl ^kw. Ciji iiwsiJi cJl^ .2.5.4 f'j»^\ SjajJL»wJl 

.(Tyrolean Weir) QUjjiL* JL-» j\ ^UJl 
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.(33 JSLUI) 

j] gjjj.^S' ;Lklj ^1 ^>^l »LJI ikiJL sLiJl 
Cr* tJ^Jji^ tJ^ '(3.6 jiail) I--— jj 

.Lyioll JL«J j;;^! - 5.3 

^1 iiL^)Hj ^>jSfi jilkJij tDjsJl ^^^4v»J t,_yyajL3l (ijJlyaJlj 
.IfJLp J:>-l jJj (lit (jSloj ^^aaJI j>Jl Jlfl] tiUi J ( iitvioJl 

i jjJi^lj ijs-LuJi olj^laoli iii-ul v^j 

Cuij^yJLS^ji .. ^ !l (3_j->«— ^ J ^(.^^ j^s^\ jjJL^I) (jjj>i— oJl 

JSLIj Ufljt -Aj^Ij^ -IJ ti-iil (HTH) jLii-Vl 
(Javel J-^»l-:»- t(^j-jjj-vflJl c-_ijjJLS'_^.*^) JJL-Jl j_^<»L2Jl 
jjLo oLS'j-aJl oJl* Lfj^^isxj jjJ-SUl i-,^ JUJLdjj .Water) 

^L^flJl j! |_^_^*l3l (Oj^Jl iij^j ^L,a«Jl 
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LtJULP (UaAjj .iLkliuj ^'^J^ oL^^aJI 

^ ;hS3l bU::*! ^liJl ^ *lSiJb- 

70 t(HTH) c^^^y^ J_p^ tiuJl 35 ^UJl 
•SiJI ^ 1 JliLjJl ►L. tiUl ^ 5 JsUI ^lail *4lJI 

,_^) (Free Residual Value) iJ-i*Jl : js-^\ j 

jbj; (Ij! (b^j^rj^" <-lU *^ (J-j^l <-!lj«^' j_jKiJ ijSLjiil 
0.00003 i^t Jl^ 1^ 0.3) <.LJI ^ ^ ^ L.I >JL. 0.3 

.iiia 30 e jiiJ j (ikJ 0 jJU 0.3 jl ilJl 

(ib^) y> *ui\ ^ 0.2 J JlUI ^jUoil JjLJI 

/(.I ^lL. 2000 ^$\) (i^) ^ iiuJl 4> 0.2 

,*.LJI ^y. i_;:LJ 25 ^_J^ HTH ^y. L.I ^ 70 j\ (ith*>. ^L*i» 
ijiJ 24 ilu-b- J5L- ^y. ^ 1 oUaj kiUi VjJUj 

*»LJi IjiJ 20 kluJb- JJL^ ►L. oljiJ 5 j] 4»LJi ^ 

ij y ( I ji^U Li J •>r I a ^il-irTi.' 1,1. 1 ^ c)|j ■i'^^.^^ J j -l->.-«Jl ^J-kJj 

j_j yi.^. ^1 l-,.Ua]| t JJiJa 10 SJUJ J^LimJI 

^J^} V^'-^ (J^'"^l <LaJl»udiilj JSl ^1 
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12 JiiJ j^l ^ L. ^ 

^ iJuJi 0.2 ^^JLp j^jL»- J^jJLh^ (•■''^ ijL»j»J 

j^^l^l JJJll«Jl »LJLI ^^^^ JjLt ( ^^iv- i,.^ 

.^^1^1 nijLMjt i^Ji aJL^Ij 'LpLui aJLtJ JiJLnj jJalJl taJ.»T«ll 

.4»Li 12 SJuJ 

Jl V ^Ij jlJLj Sj,^i*^l iijJL*JI jLSII i^Ljj 
t^LJl JjJLL-/» i^Lj .ijliSUl iJLft ^ 131j 130 tl29 

^^ji jj .aL^I 4 1 ./g* tj! {Sj''"* LT^^J tj^^-**^^ ^L»-5l 

^^^li /Jl ^Ul J*»J (4.3.3 ^j^^Jl) v-l^ "^^l oll»L:3-l 

.12^^l ^ 



iLJI ^.jkl ^.j^aUl jjKJI :12 j^^l 




.(m^ >SfL (V) j:Jl ^ jl^J Jl Sjl 
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V= 3.14 X H X D X D/4 = 0.785 x H x 

i>tJ^[j sjj^i^ »La jjb^JajJ Oj^l jji^l ^^^.a-^ JUJLxjj 

(t_u»5UJl ^1 100) il*Jl ^ 0.01 SaUj 

^ j.ti»'.\ (oL.1 >jL) (M) t j^SJl aL^i)l 

M = 100 X V grams 

(D=l,2) iy- 1,2 cjlJLi. >4 ^ 01^ ISLi .(ijUil JllJl 

.1 ji< 2,6 OjJsmJI >L«j| (JaPj 

V= 3.14 X 2.6 X 1.2 X 1.2/4 = 2.94 of water 

»UI ^ L-j^ jL. :2.94 

M = 100 X 2.94 = 294 g 
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JaUj \jjkj .aiJl ^ 2 J (294/2)= 147 1 g^b.^ L.I > 

.Lj^ bUa<i< 12 

JJL« jjip O J J la. ..11 ^ JSl JJU> aUl*l (>^^*iJ 



50 ^1 ^) iLJl ^ 5 (jIp (i^j^ (_$jJ 

r* 290 ^ .(yJ ^ Ijj^ ^ 

J\ IijI (290/50) = 5.8 ^iJ ^UJl ^ I 5.81 

Sf jl IJl» 2:>« J-^'"^! ^ -ul iii ^LiJl ^ ^ 5.8 

.^JiL< ^J^JLi 4liL,^| (J"^^ (J^^^ 4.i>JL>cl4 j^^i^l ^Jj? 

350 t ii*Jl j_y3 35) ^LUI |i|jL^JL-Lj 

^ykj 290 ^ j^y/i^j dtij^'^^ cy r*' '^^^ 1^ 

(290/0.35) = 3y>-^\ <>■ ^ 828 gAi^J ti_^iiiJl 

►LJl J J la ■» j^r^ jJLp J j-> , „ .. o , I I IJL* ^Jj J_^Sll 

JJ ^^iL^ ^1 4;l./9!l SaUi! ^U-uJl t ^1 Si ^Ljl 



^JJiij >>-.?cJ liij^ ij jAj jAj jUI jA^' ' 

li^ .j^jlaTil hJLJl JJ ^lkLK>«Jl jJii ijji Lf^ »LJI tSfi^ 
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01 jJL»Jl »_iJalj t-*Jj»J JlJJUlp .^lJI Ji-la e^rt+lu al _;-Jl ►LJI 

J^. tj^JJl oUl 

.cJ^I ^ X2t\idi\ sJuk J'J^j jM' '^'^ lJ^ 

(j^LlJl JjJJUaJI j la' JLLP j,-J*iLJl j2r^ 
2 (^aUJl J J ^^ia*- Sj'iy "^Juj 

•JSLJI 

j1 ^lJI c)iJJL:^ ^j-^ (^>^l Mill i^Ip v^?^ \^ 

' ^ t 
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>-ijj i,<lTil t^^I J^Lp- ^^loJl ^\ ^ 4^i.T« II JJl_^^lj 

. (Washout Pipe) 
jJUall L>-\:ll JJJS - 6.3 

c)f >-:>>?^ ^'V' J -ii^^^i^ iZ^\j'iJ^\ »l j:*-^ tilii J _^'>,a»Jl 

^ JiU CjIj^I t/'^tij cJ^Ij tl^ JUu. oljjJiiJ 

►LsJl (jLkj jj->«-»i |< ' I j«J Lo «ul ttlUJiS' s J 
Oli t;>"jJl o" i*J!>Lo Sj^yv^ LJ* <yj^' 

J-^JLj sJLAj I, (_5 ^p-l JLmj 4JL.<i Jii (j j-uii f'Ls-il t5 j" "' * 

JjLj jt jUajiS/l ij^-Sj Lii «L*Jl iiS 

I a ^7^^^ 

>JI ^ jt jUi &.^t 2^7t - 1.6.3 

jjJLii] (42]al«Jl j^J>^ kJjlp « Hl^jJjjJu^lB oLwaJl j<-^ 
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JL;>- 0^1 J'Lp aUipI <lUJi^ .jJUoaJI rLtJl ^ »L(^^fl 
^ (j^*d I'J^ aJLJU o\ <jj ^ 

\^Jji^ J^.jtjJ ^^1^1 <i;JLa^ _^i»Jl C-Jj J aJ^^^JI oL«JI 

Jj^jb i^iJl JjLiljl ^1 t-aJ iL-Sfl i-irbjjU tjvaiVl JL.JI 
OjA <-jj^«Jl ^Jfi\j^i^\ C)j^ LiJLLP ^yL>JI <._^ ^1 »LJl 

Jil^ ^LoJl tjl (_,^ iJlAj .'i^yuui '0'J>- CjL^ ^_>^ 

V 2^ ji li-^* J-l**Jl ;y jLjJl <m oI ^li 

JlUJl iJLi .^;i»Jl ^ 4J ^Jfij»^, t^ijl JbJl ^ 

^ ol^ ^l/''^ JjLkaj iiU^ ^ 0 « LijJ oIpLo 

Vr^ ''iJ'Ml i*-^! J-** i'la)' 'LJI ^ L. ^\ 
.4jjJlII oUu^I ^1^^--^ ilLtlS' 0 ^ j:J 0.2 ^ ^ 
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.Ifiijj 'iPj^ j\jJa\ 

jk^- oLJLap »'Lfj| J jl aLmI JJ» J JLLiL«Jl ^ 
tlUi (►ij .jlJl ^ pUI Jji-jJ JUSfl J*J| JjLw JSJj d1 *tjJj 

0.5 y i.j!>Ul ! ^1 JllJl Jj-- iilii^ oblijl 

•(•j- ^ J 

^JLS IJ)^ ^1 J^-d (^JUI flti\ ^jfmP- <_jL^ 

JjiiJl kill; ^ CjL^I Jjju aUu} JL* j^^^Jl 11* 

(ij-Aii iij^ LijLLp ^y^^ ^^vHi {S y ^^^ ti'j^ 
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0^ ^'^s^J -u^^ ^ cf^^^ J>l!I IJLa LiJLLP 



iJL^jk J -t • jt fj.xAa' ^jj J^Lp- <L»L.J <L»Li» (pLgJl <Ljjl 

OU/^I C^VjLm - 2.6.3 

^ ^LoJl Ci'^y>- Jjbu ^LlJ <L1!Ll>e^ j i^JjLZa {J jio ciULlA 

jl 1— I J'jU- <iJ">U9[j JL^ LJjjo f.L<Jl j^>i^ (j^^ <Loj«Jl 

oJLA i1)LjjJ>iJ| (JJju ^^L>J JuJJLP ^^^.^.g.JJ J^i>Jl 

JuJi (.jU^ »LaJl LgJlkj .4pLyj jJj ^Ijl>c:l^L iw>^US|I 

pUI jJUk J .J j-l*^ t^^' jiJlJl jlJLi. j_^k*j t_j jjt 

c)ljj:fj| Jjbw iaJI ^ j_yJJ_j JLJI C1j>cj jJi jt ^c-^iJl J^li- ^ 
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(Discharge Rates) J-iJLiJI oVjuu i_jL^ Uaj! jS.^^ 

JjlJjjJl jy Aip_;k!l oJa aUipl .JiJJl 

<_u^l ^ ajlp ^ oLi jl*.«Jl sJLa jijsSj .(JiJiJi t-'L.^ Vj*^ 
.Technical Brief 27 in Pickford (1991) t^b^ L(U^ V^^l 

■ j^- ■/'^) ol jr.^; il J J jIjl^cJI iLi Lit 

j^lajJj .irji 90 ijjljj c-ii tiJiS- jl tijJLjJ^L V .J^l 
^ JiJLijI JJLiu (Kckford 1991) j j^jiSL^ i^liS" Lfi- j ^ 
.*]^ i^-J^I *LJI J»* Jl tjij ^\ J5U^ 

J** ^i.>JL. 300) J jl-LjJi ^ OL^i ^Li j 

A^.^U...^I ip^^l (J-Laj liiiij m^/s B>A:>-_jj 'Jj^. ^J**^' 

JjiLm J .(m^ JLj) yiil ^iiiJI oU-Lm Lfi^ J -^'^) 

»- 4iji:L-j t^jjl (T) j^^^l ^IJ ^ t^yil 
IjkjlJLJLa iiL^ (Jli«Jl JxI^Ij jj*^ 

.V=Dyrr :iJbJl iJaUJi ^ «>_;-Jl ^LSj .(D) 
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1 



I*Jlli - 1.4 

^tJUalil JLa^L ^LiJl 4^1.^1 OLo-voJ <L^Lj oI^I y>\ JLklj |vJ L° 
t^UaJl >^ tLfJa« "^1 tfUJi iikiij cPl^ yj^J 

.SuJiJj fLuj iiiSiJl ;liAlj • 

JJl ^1 aJUb ^Lp-^Lh* JUijuj .iilSCJlj JUijcdl Jl*UaJl 

w^kS Jl J,27....1I 
f IJLi^l *^\Su\ ^ UiUJl L-^l Oljl ^1 JSljt ^y. J*Jj 
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a _;^Li »UJl <i_,j»ui L-iJaa LiJLiP jj^^tidU a^Li 0 Jii 4JL,a«j| S ^\ j 
.)^.-».,JLi <,..ai till |7,.. .11 Ljup j! .SULo yJLS' ( ^ 

•■VjJI plJlAi-lj 2u,JLjl JJUjJl - 1.2.4 

(Roller Bar) h>- L-.r. ^iJiii^L^-l J-,iijj .f^LJl ^ ^^'^'^ 
j] t(35 J$liJl) 5 t(34 jXiJi) ^1 ^js^ jluj 

.(37 jsLUi) . ;aT _ j! * (36 jsLiii) o jiLi 

i.jU:>J li| ^1 oLi viJ^ ^^iai- Jijj ^1 V** J:^*-^ 'iiU^V^ 

.Ja2i <L»u^l 4j>bLJl j^Uaj ^Ijd*^! 
jJl e^Lj ^ JL&L.^ ^L^u^l ^iLSiii ^Ijj-i ^Uj:c'I Jj«J j 

'[ijy (39j 38 JiLlJl) ^."jL ik-^ ^Jti-i-J 

4Jj»cI]| ij^J .LwU^ 4»cJU^j AjuliidJ W^i...!! ^ - ^ - ■ ■«* j_flxJJ 

.tjLi 15 jI/* JUJj J*P »LJI OjS^j LiJL;p jt 
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oU^ri jlo; ^1 oU^I - 2.2.4 

jlj^l j»lJbk:L><-lj 1.2.4 «'_):>Jl oj^^JUl SbSfl ^r^iii 



'LJl^wtJ ^ ^ Lfi« I'jr^ j» <uJ^\ oUwAaJI 
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BUBWBBi^B^fc uniliii'liii'illl irlhi liiiMi 




■V -J" 1 


1 



^J^J", 4.«,ia r >«> ijL-^ ^\ ij 
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iji^- ■> 




4 



(Village Level jt VLOM 



:36 JSCill 



^Jmj Operation and Maintenance) 
tSjjJLJl jj. ./^ « II jLii-l t)L^ l-H-'j -iSjj^^ iSj'-" « i-'l^iyij 
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kjL^^i^ ill! 



Uila _ 1 

^jJi aiiai jip - 3 

^jlj-*^*! sUj aIsoJI uUoj iiiU- - 6 









:37 JS^I 1 



SJLajJI (Crankshaft) Ji yJi\ a ^ jLl» j^lJii*!-.! 

J5 ijtjLiJl ./I'll liUll* ^.f. 
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^iJLf^l JSCiJlj j\ (41 JSLUI) tiJLiAl oli Ojiij 

.jJLiA*Jl »L> (3ji 4j| ^^la^Vl 

tjl c^j^ t/»Uii'l ^1 ij^ajj trt^l 

^kb AAjbJl . (Risiiig Main Pipe) J\ SiX»S\ jJi 

oJla (1)^ if'lj^Jl Jax^ LfiSlj .^UJl jJLyO^I 

|i| iJl ^jJa^Vl J 4i»;.« pUI (1)1 ^.la:-7 "b! 




:38 JSC^I 



141 



^ 1000 JS^J ^ 1.1 jlJUl^ ij^ai*^ i^yfi\ ^yJlV 

^i^^l ^ (41 J^^O (j...<«ll jl ^■■■<«ti 

J«{J j»4-. ^;/»U:uVl fLw» t^JJl ,^1 (l*^ t^ilUJ .j^^jJl 





:39 JS^I 
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il«,fl*JI Oajj li^ .iil^^Ja-iSlI J^U- yiSlI AjLfi ^ 

jl (.jLiJi 015 liij .Ul-^ 5j*i^ jjiidi 

iii,^,a*Jl iw4s^ Oj-u-i fl^j^ j_j^U<2^Ml 1— li^ 

j_yJL* iJLlLaVl J .New No. 6 ijk-si>: j Singur iJ-,^^ ijjJLiJi 
.SWS Rower (Rower :4i)jbJl ^JIj^mJI ^jj'ill 

^ II ot (Footvalve) j^jurj^sUl ^U.^Hj ^j...<«ll 
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•UJl Ojj J Vp Jlij • 

jjj ^JJi .i_Ji • 

il • ' t ■ ... I Vs ^^-^-^ * 

. <• - " c^- III ; „A II 




: Ji-Vl Jl 
V« ijli^ • 

Vp 

^;_CJI iWli- .Ul ^. • 

l«J Li) *L* V 

ial»..,*« |Ju ^ JUJI ^ 
(_^LJI J.iJ1 



(Vp) 4:i>u 

(V«) ^i>- f 1 




.AT 85 Niiaj Maldaj 

:UI old iiu.jL>Jl ^,.„ ..n-.W cr" J^^'^ J^O (i^JLi: 



cJl5 IS^ .(45 JSClJl) (Open top - cyUnder) 
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(SiL.>) 




(jiytJi ji.) ;ij;>ji >i ^-ii fjU> • 



:41 J^l 



.jpWI ii-lJl ^ Uiit j^jljUl j^LUl fU-^l 
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4li>Sll . India Mark n 4jjJLJI 
. Afridev ciUi^j India Mark ni 




^1 -J (mhS ^ I*.'" J ^ 



4jjjlJ| J2>J V J .(Force Pumps) {SjfA J**^! oU.^ 
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^11x1^) 

^ jpuii JU-Ut 

l, Jill 1^11 



jlpMI i^Ji Ji^UJl 
ia*Ul j^yi JlS"Ul JWi ►Ull ^ 



^ L«|) J*L^ f^T^-^ J^t^ 
^ ilji^ J^l^ 




T J<ii 



'ij*^ tr;**^ ^tT?^ 

kjUai- ULa-lj) ^L-wSj 



:43 JCtll 
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.(41 JXjJI) 8tII ii^^ 
.U* (India MKn ^ 
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oU-^iJl .Ju» .(ore) ^jLsSd ^ jli. 
Cjk) Jj.U»JI Jii-UJI Mi- (3) o-r^l J 

' ^-J'Sll- J^^^j^aJI I.LLLJI tw<f>W 

(^Ij (j) li^li- L)L-,aJ J-^LL* oU. .. A » 1 1 (ji^-*-; 

fU^i ai j| ore J j^Sii j^. 

iJIJl Ui^l^ j^UaJI Jl>-L>JI J^b 





:ipUJl jU-UJI viU jl 

OTC oU-^ cUJUjfc 

^>>^ iJ-kpti kiU^j t^Ll^ 

■-^ jAUj jMj jjS J£<1{ 

.>JI 



:45 JSCiJI 
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tt_iJLli.ji IjLyi (J-«-«J ^"^1 Lfr^x-; CjI "^i (Jiiy^\ 

(Cylindrical Diaphragm i-Jl j la ./'^l i-J^Jl ^ .,A « !l • 
Vergent jjk a-^ .!! oJuk ,_,JLp ^LiJl JLi_Jl j : Pump) 

(_yAj tHydropump 

^Ij ^JLiici^ i^JJl (tiUi^j ( ^LJl JJbJLil ^^cvsaJ LfiLlLi 

.j^smJI India Mark n 

:(Progressive Cavity Pump) oiJ-l:->Jl Lk-^ • 

lj\ ji Uoju JL-J (Rotor) jl ja iJa^l_^ ii^si*]! « JL* f'LJl 

Ji-la t^jjiaJl jlj'jJl (J-^ .JpUaJl i^Ljl ^ ip^^_y» 

J^JLo ^L-" ^ tJLpU«j| Jls-l*j| j»i ^ ijl^^a-iSfl 

^ Cr'J o^^l Ji VJi=5- 

(Monolift Pump) ^ J\ iiaUl ii,.^! JjJ j .JloUaJl ii-ljl ^[ 

•oU-^l ^1 li* Jls* 

(Oscillating Water oJIjjla'^I j_^UJI Jj-<^I i^i^-s-i-" • 
Pulsa J Lj-^-J j>J^-j-* JLi*-^ J : Column Pump) 

4j|^p2^t ^ |ji:u4 \jjA sIa .Pump 
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iiUI^ ^/.IS:.) cj^^SlI OJLUI 

.11* ^U-vaJl j!5U. iJl _Pa-.Vl jjJ ^\ ►UJI Jb^ 

^ : (Rope and Washer Pump) i^JLLlI j • 
cL.^ J ^! J^L»- j,«7,..< ^ 1 1^"?' - oliL.^ 

^ oU»-^l 11* ^jSUij ,0^\ jjij jAj t(47 JSllJl) 



^LJI Sj2i Sjljdl oU^t - 3.4 

i_»J^ ° ^^J"^' 
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J 1 1 ^7*t^ *^J^J^ 4<rfljA 





jut^ t_«»4 J^) A>Ua 



.pjLSJlj' ajt JLJI Vergnet iit^ ^Jaju i.ja-? 



46 JSil' 
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^ Jm>^\ tV'^fJl jLli-l JJj (i^jj^^l 

JffS^ <Li>>Li J iuJalJl <iJUb ^ ^Ij^I 

^ J2j N ifij^ Jjlju liUS Jt-V i-JLk^jj .aLJl ^ i^Lo 
SjLti-l J_j-^l ttiUi] .iijJI 2.5 

(Camshaft) oljJb- 3 ^1 ^ ^iajut ^JJ^s^ 

Hjjiaj IJL* ^J,g.*jj .iJi jJa^I (J^^^ O'""^^'" ^J^^ Ji 

''^t;^*^' t^J •^'W J^JiJl) "Uii^l iijJLJl i>i-/iJI aJLojJ iJuLk* 

»L«J| ^^^^^ 1,1, ^^cj iujiXJl ^ A ^ '-'^ 

^J^Li^*^! oljaVl aU)fL ^.1,^711 

.LfJlp jj*^ '''^j 



;iSli» ^>t:..T (48 JSLiJi) (Hydraulic Ram Pump) LJLJ jjJLjk 

.JLiJk»Jl ^ OImIvOj iiUJUj (.kitwaU 
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(^3 jl) J-Xl fU^ .1 

jiL^ .3 

Obyi i,U» J^^^ 4>JlMiLMa i^UU^ .9 





^ OdLoJl oLaJI h la » (1 1 'tjT .,1^ ft 11 ^ ^1 ft ^« ...^ij 

.^jUJl fcJ^^ (1)1 (Drive Kpe) J ^ jJI 
(Hydraulic Ram) ,_j^jjJufll (jiL^l ^-.aj ^$ jA Ils-U 

ii ^ J-«-»jj ^j^' >-r' (^1 (Ir*-? (Delivery Valve) ^j^i^Jl 
L-^U- oL»J-^ 4-^L«^ ii.-^ 

^ j_y^-JjjJLj» JaUi^ j^^j«cJL! "ij^ Vlj t ij« ./i 0 ll 
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oUwvo^ CijS^j .ili^ 0^ ^jl^^t! SaLp 0^ V Lfll 

SS' ^ (Water Current Pumps) (_^LJl jLj:JI oU.-4* ^Jii.i-J j 

(Rotodynamic Pump) ij\ ji v^'^ 

^j^jjj ^Uaj J^l^ ^ jt (SjdiiLui LiJ ((LS^V Lf9-j-J^ j^LuKi) 

jjSjA j] *}>JIU aiiLill CjU^t - 5.4 
ajVl oU^I 1.5.4 

oL^ ./a » US' t^jj-l ^jJI iiL^VLi (Rotodynamic Pumps) 

.4^^! oL>ri,«a<i!l J «<LtJl2l«Jl oUsdi^j t^UMjlil jjimXall 

4»uA«Jl Li ^Jpi ^ 't'?*^ 4»u^aJ| J.«^ Situs' 

.i-^ ^^IkJl »llajJl Jjbut • 

►J^l) ^-^1 JjJ" tJ^l li^JJ t^j-Sl J JUJL11.JI t-*^USfl 

.(2.4.7 
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►LJI j> ii i^LiJI it • 

iJua^ ^ ('LaJ^LaJl) Ox^lP^^I <L>w.,AaJ| jLjLt-I « 'lJ^ 

4jj::9mJI liXlj Ls.w'bl ajjJlJI oIji- j^;.^^ aJLxi^VI ^j^-^ 

OJLaIaJI t_jLj:>el]| oUt.,<7<»^ j\ ( jUaJl jjJlS^ ajl j^bp 
SS^ js~ jjjlli Lflajj J^lj- iJ _;»«^ jyy^- ° ,r^^ J^'^ 
4jjJJ| iii^i,^! ^1 Jb_yi>cJ "-A;^ J ■ (Belt Drfvc) 

.j_^TjiLkj JsLJjVIj ^UtH iaJUtf cu-bLo tOlSLJl aJ* ilj US' 
ijali t) t)l «— ' j-2j i.-.lla7ii 4Jli ^5 ij^-Lj ^^^^ 

aJLfl : (Rotodynamic Pumps) S jljJJI i^SijAiiJH 

oUi-^Jl Jam J«JU OUI _^k.<i! oU^^vOaJI 

iJljjjJl iS^l .(40 JSLUI US) tijoJl 

.iikicj. JL^l^-j oija! ^iJLiii-Li 4j» jj jjj ^\ j\ 

: (Redptocating Piston Pumps) Isu>JI 3j,....<,<.1l oU^^I 

iS^^l J_^j .40 JSI-UI ijjjUl oU. . il ^ Lfri-^j 
(Recipiocating) ty^l il^^^^U JLJljjjJi 

: (Progressive Cavity Pumps) *»Mt.it}H LjLijiyT.1l cA 

^ ^ ptjLlj j^Llp olj« i,A « II aJUk f^^jlpt^j 
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.i_jLi5lII IjL» ^ 152j 151 ^ ^ iij_s^»j_JI ijjJL-Jl li. ./^ » 
oi-fc J_«-j<_;j : (Diaphragm Pumps) 'L-ijJl -i« ..li « II 

j_y3| Ij^^r**^ lS^^ J^j^ *Ju«j (iilLiAj t (Outlet Valve) 

lwiji>iJ |_jS (J-^^ W^>^J ' bL^I J;^f>«J 

oUt-sd^l bJL» l)I .jbul ^ l^iafr Jbjj M 

^ 5j_^juJ( iji jJI Vergnet ii*-^ ^ ^JLg»i^«JI ,_,^jjJUfJI 

.^bkjl IJla ^ 152j 151 ^ 
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(S^ik^ i)J^y\) j»<J^\j AjJb- - 2.5.4 

(Suction Limits) ijJLp- -UjljiJj .SJuUl !l j_jJ} 

IJl* 141 j 140 ^ t/*-*^' oU-^flj J oLftJLiciJI 

f'UJl JaiL iit-vi^l Jj«;i-ij L-J dUjj _;.sia^ 

tjLjj LiJULP pL«JLj OLijVl jyLuj jji^ II >.^j-^I 

►LJl jjji i^LS' ij*5' jSy aJLajJI aJi* c-J.la:jj .(Priming) 

J^-^ LF^l V>H^ -^j^ tjiji- t^*^' I'M 'I-* 

(Non - Return Foot ^.^l-^ {>L<k^ Ol^^j « II 

^ (50 JSLUI) *LL-t ^ jt ,yi*JI i_i^t Jj> valve) 
Jju».j Ol^^l IJla ^ **^^ 'i^x^ mJLp 

.LiL^0 I ^I.^t1| |J(«I ^Sf 4JJ J ^1 

.»,;;»JiJl» ifUJi JGS 
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iiljCL-i'^l ij^it-^ ly^^ 3jX>- OjJ »-UJl (^ji— • lil L«l 
(»--jU! clUJlS'j i-il^l Bjji\ ^ LfcjjJj^j <L>. ./i « ll cJlS' lijj .51 
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:5t JCill 



aj^l oUl^I 43U» jjUa« - 3.5.4 
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tiilJiJ .JjjjJl ^ISL. ^ v^^J L^J Sj.Tm.i ;jL^ 

S ^^&>i>JI 4fLJ ^L^^^l jjf:*!::!! aJUaIi 

mJIp jJ'I ^ ^ 0^ ^uJ»UJl oUr.^oil 01^^ 

ajjisuJl jIj*^! cLiJj tjL?-! ^JJ^Ij^j AiilxJl 4JL/zil aIja]! ^ 

olLgJl oUi i^iill .^7«l A jJL»~ ^ Lf^^ >^Jtl (_^' 

aJUk J i> *. * (J 1 w 7' i^L^V Ii_,^j><ljij .^j^j'^I — 

js-- JL* ttkJ^^ 50) iitij JL* ;LJ.ijJl oU. „A . H 

^ (Baseplate) c-^ ^jj ^\ i^S* iii-^l ^ 

( bulls' Jit iiJL JSI >il .Ja Ot «>ll>}lj 

.^\JJ^H\ aJU Jlj: cJK Ob a- (v^V) 

i-SLj^rti^l oLi_^SLJl i*bl Ol tiiiflj iiKj jLuJ 

.Ails' jiSSllj 4ii^i,rt-^7«!l ^A^l 

4^1 iJ^Vt SJj^ - 4.5.4 

\i\ ^ikJi lJuk js- V o! t-:^ tiiUJU .L,jb 
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^ t<>l« .mJUIj Ajj^I jJfluJl ^ ^iJi^l 4la*lj LfJUjkiJ 

t^l^l oL^^ JIjUjI iiJL? .jL» j..^7tj *i-la)flj j.;.rTil 
IJLaj SaIp (.f^ ^J-^^ J^,/f»m'^ ifliiil (JLa jJJ Jli 
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loJklo _ 1.5 

oij^'^. ■I'l^'^l (>• *1ULa 

oLw*JI -LSljJ "J-vaJl 9 iaJL^j .2.3.3j 2.3 

mi-itT! a^;^! t ^IJL^cJL^Ij ,c]L|jJ><J| Jj|jL>cj| 

.3.6 f-y>^\ j^*^! y -A* J 

Las' (I^^^JLlil ^ <LtJl aL«J Oj^^i AjLjs- 

: iJbJi ^^'iU ^jla« om 
.gi^l J^^la Jl aL.UJl ^LJI J>i jlii • 
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Olj^l ^ ^l<Ji 

•Lj( L^I ^^1^ 4j>-^^:LLaJl oiJlj>Jl ^ aL^I ^Lju i^.iftj 
^1 JL^ ^ll^ aJJLs ^|J>b»J| S oLp j7i» J ^IIj ^jS^aJ 

* * \ \ ^ 

•Ll»j LsU i5 j^iui jl ((jil?- ji tilj) L-iLi J*i 

i3U»)IL (Lu"5UJl jLJLiI J JL5il Juji L.) ^ j*Jl 

oljlj^Jl ,j,Au iijS^j .(Guineawonn Disease) \^ iijs 
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,_f*^ i-Jl (Wedge - like) ^^j^yii 




^ 115 (L^_^j ajJL«Jl 1^ l3L^L>- l}1^_}J i*j j 
JL^j (Sand Storage Dam) ^jLt ji\ JL-i L«_a t i_jbiLll 1 Jl* 

. (Groundwater Dam) Li j^Jl oLJl 

Oj^l (guV^ J^) oUI^ - 3.5 
^Ip J:tJL. _ 1.3.5 
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^^i^ JL* aUiP^fL ^j^y^ .4.3.5 i2.3.5 

ljufi Lf! <iiJS ^ «L(i^j 'j^l (J..«1b1I ^ IjijLj »LJI ^^^iLj 

.OI>Jl SJ^U ^ i>rj*il J>\ J^-J^ 

300 mm ^ M Lu iJ j>Jl oLJl ^J^Lm 

V L» (Outlet Pipe) <Jtij.^\ (_j jJI ^liJjl t)l '-'^ 
v^jsJl ^\ J lis 4jJLpli (3 y ICQ mm ^ Jij 

ij^l ji^) <L:>-L>cJl JLlP ^LiLj ajj-vAJ Oij-><-!l ^.j^ Oi-a-s^ <j>cJL» 

.L>jL SlU 0I>JI V>J (>^. lib -('"^^ 

.(Soakaway j! i_j yL« S y^-) j^i^ij *ilj> I yt^ 

^iJiuuil ^ A';; (aUtfl?- ajj.1^ Jjfjvuil i^M^j 
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toUjJj tj^ajJ jS ijioJI oUljiJl ^ l<:iS;Jj tilSLi-» OljiJl 
.^jSlI ji- Jl -uiaj gjlill OI>JI £_!)bil \t jsjJ >.T 

,2;J_}m i^jlla»ii J^>1>^ ila.....!! 

(01j>>^I) JsJilll {«^?>:>- i-'L^ ii'Dlfl.M'^ J*^' 

iiUJLj .«>L- 24 ilJi-l JL*j iLjju go^lj J^I-JJI 

JJ-ljJl Olj^rf^l g>*^ ,r^^' <ij^' <^j-^ t)^ 
i_jL«aJl IjLj (IjI *iad^ i.yfi'^ y'^'j -^y^' i^l "^^7?^' ^\>*^^J 
J^l-J^l ^-•■^J^l 'L^J jl j« .^11 J ^ 

^ ij\la J aj5 ji^l J ejl* •iilS' jlSl 4J| _ji2*<.Sll oLiljiJl t) j5i 

eLu> olilj?- Jl .O^jU;... all 'Ujl jl4 j! <Lk^aJ| olj|j>Jl 

.(5.3 c-jjL- Jii Ljil ^ Jijj L. 

JjjUall oUI^^ - 2.3.5 

aaAu gJL*j- iJjL« ;iSLi j] ijjLp il!5L-L OljiJI OljJLf ._iL- 
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JjjUaJI ijj^jJ Dl L.^ . (Cement Mortar) tiJL,— ^1 i^Li ^ 
.(cju-l 1:3 sju^UJI ^^L-t 

jIJLvJI cy*^ ''-'^ (^'^l Cinmiyi ^ 4iLi^ '^W' '^^^ 

(^LJI c^)[I 4j.JbJbJl c^>l oUI^*- - 3.3.5 

LutUl J jjdl jJL-*Jl cJU-.)fl oCIji- ^1 JiJL-l jtj^l 

i.">LJl ..ijlL, .5^1 SjIj^ ISS^ (Hoop) (jl LJU-I LjJi 
iS'Lo-un ^JLjjj .(tjLsr i*-?*^ *(J-°J I c.'. » .«ip 1:3 m .... 'J l ^ 5iL* 

^1 ^^j7a.k ^ i ,r^-«-jJ^ 50 ^ Jil Ol^iJD ^JL->-«Jl j|JL>Jl 

tt_iJaJj j-<i^ J^j tikLiJL! i„JLiaIjj .i»^Lfcj| ^ CjLaJp c1j"!>Lj 
,JL»- (^jL.»4 d'« 43^l»- aILs^J ^"'^ Ci'o 

^ ^^^''l i'JUJ Ll> J ^Laj^ AJ^Utf JbJL^I J»^LJ| t_...7<jj 
4JJL)u dll^l ^ J_^aaaJI ^L<iSfl ^Jji^l JiLfil A^aicl 
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.jLiL. 



.gyUJi ^JLjJI J\ i»!>Ul ^ JjSfl aJJl gJUjj 
OyjU) jl JLiJi ^ ^Jiii^ i«SL5 dLjliA J 

.JLa j> J9"5UI ^ JjSlI aJJl J**;j .(53 JSLtil) SJIpLl. J»l5j 



j_jljJ |«J t^j^jVl (_gj7i.. < t3_^ bLaJI iiL^ CjLaST t3j»»j 

l_J^^L Lo^JuO Olj^^i iij^ ^L».«J| CJU-u>>Vl 0,>Lo ^2;jO i )jL>t^ lajtAuH 

Ol^^aJI ^l^s-i l^i* .cJl_5»»il ^ ^^^-^ J ijl—^^lj f'jjLo 

^jLaiCA*-^! jl^. 4.3.5 

LiJlP LIjLi aLJl 4^1^ j\ Jbuj .Sjs^l 
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^l,l->»T.aLi JL!Jl1» ^ijjJaJl ^j^^'-'S^ ^j^ut^ jl ^^»J| bJLA ^ ^JU:. ^''-^i 

^ pLJJ Ul. JlSL^i v-J^-j '-J^ cj-w->i 

*3 jiS j;^! iijk ULs-I J5L<Jl J^bu iiilM .I.!>Ul <u J.^:!. 
V pbi^^ liuLo loJa LsOjt J.«-«j (jJaJl Ci^ (liUS ^ 

30 VU^' jl-J^I *^U— J*».j i»!AJl QlijJa SiU 

jlx. au jl^ aJj .(c^yi 



jiJU 300 



jlO. 200 
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iijjiMJl oLJl JjL*:^ lJl:>- |»-f<Jl (>• t^JLp .iSJbu ii)_yll3l rUl 

tjLjiJij «oIjJL>kJIj t >j i,A !l iij^i ^ » ! ^v^^vji »UaJu 

tjj^ Ol Jju ».LJl Ljiii i.-. < .- | 

Jai<i 1^..^ ^ IjlIii ^^piOJ ■j}>J^ ( Ifi <lf^^ 

J ^ ►Ip J^Li>- Jj-li jl j-Sl jl 5 iilj- l^S.lxj 
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iAJSu - 1.6 

Vj .(jJLjJl IJL* j_^j>mj:j iii-'jUl i^Lx^l oljj^^ 
JL>tj« ^ oLo _jJL<c« ol ^1 J. «./>!! IJL* »j 

■^i ^1 V^l Jli^'*^^ ^ c> 

<L» j.«-->c-«Jl Dl^Lj ISli .4jL1JI aLuo ^ jlLii 'La5' ^ 

^ LiJLLP <uL,a>i ^Laa! a ^JiS\ aJUk (.^.^^.^.I^j .Jui ^LJaJI j-r-^'^ 
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{Jy-^ oMU- Uft;^ 0^*iJ .o^Vl t^^j::--" jJIp ijJLcJI 
Jl**i-I ^ jlj^Vl is^^^i-'^l «>_^*:j«Jl L.jl:lp Luj-."!/ 

ajLf^Jl ^^J^ kiUdj A^lj 1^1^ jif^ 

•Ual Jlibjj .V^l ji»liJl t> i^">Lj:L-Vl oU.^->^JL! i^J-bLJl 
Ll^j S^SlI j;*^ »LJI ;L>Jbu oijUJi 

a^fl,/l7j) - 2.6 

4.4.3 pI^^SII ^ SUi jtjJi J iuLvadI ijjJL*^ JLiJ 

.2.3 fj^l ^ jlLwSfl aL« ;L«JIjj 

















.1 




pjJJl jaUa. ^jijtf Jj^ liVyJJl 




.2 








.3 
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,4 


J-s-^ ' < ' U 


lUIUI ,UViJL]| L. 




.5 






(^1 jl) j5,WI 


.6 



Oij LiJaj ^JL^JL^Ji (jiLAxJl f.Uj| c-JLkij iJiAj . (Guineaworm) 
^iJli.irflS' !jLi| ^-^j (J^J t^"^' (_r^ ^'■^ 

.<f:>Jl killj '^uti ^jM i^Jl» JoIm 

olijj t^kj) L» JiVl ji*^ '"J^ 'LJl tJji- 

oLiiKJlj .LajjKjj i*r)UJl iJj^l >jj 

44]IjJI jUUai) J ^j^^^ ^ >t ^^^.oju Lfji J (Pathogens) 
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jlS' jiJl {JLap ^j^j (^^I i5 1 j t«' 

.<:)>Ji 

i^^lk^Jl j^j^xjl! iaJiitix,^! iiiA::^ LiLJl Oj->«Jl ^^jLj-s-s ^ 

A.aP'^^ ^^j-nwt^J ^^^JLumJA 

fcoJ^I ^1 aJLsoJI (J^J^ "^^^l jia}>~ -.^^ (Lsoi^bU 




1 i" -^1 »UJL 1-*>aip 1 j jU .*i |t-<t)tj jl hjj^ ' .^^^ ■ 

.2 i J»il i3 ij>S\ J\ 2 J d j>-JI .Ul (1) 

.,_iJi!j ^Ui JSi- >UI 1 S^l (4 jLji) ^ .Un i.X.I (j>) 



. <^!)UJ| ^JUJI .Ui: 



:5S JCiJI 
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jJail JLS'jI] iftJ^Ul t^jjiai] j^yi ^Jl-t«T...* JL^^I 










156 JS^I 
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to!5LJai-ui c^jlji- JSLiu 2^.,rf->* f-i^*-^. 1^1* 

/^yJI ^ ij-jJI 'i5>-^ Jl ^iU^ (ZigZag) ^yCL. 

Ja-._^ .l:8j 1:3 ^ ^jl^ JLi'^^l Ol^^ ^ J^l 
bUa^l) jlJjJI Jj«:J kiUij a*L. /jL. 36j 4 ^ 4j5iVl a*j-Jl 

. 1 mV^/hrj 0.1 ^1;-; 
JSjJ V JLj LfJ^ JjL>- ;iJid UJUJI ;JUail al^l ilJl5 la| 

^ i)^ iiii's jijpA Jiy«Jl ciJLA Js^vi^ 

oIjlS'j^I > j t -t l^Lv- .tl. * iJL^^ -i^ 1 Ut^ » s ^: a ii 
iLJLfc^l S^Uilj . JJUjJI aJLjk y J«-^ (Coagulatois) 
p , ; . oLij jt (Alum) t—iJl ^ iaU <..jl>.7 „, . H 

. (Alumiiiiuni Sulphate) 

(Moringa oleifera) S jj ju j^jj ^1 (jiL<kjj 
JJ (.JUj L!L*^ J«1«lJI »UI ^iL^ (Flocsulators) oIjlL 
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.jlJ jdl U»p ^1*1^ jiSt jt «*L. iJuJ Oja ^ 

(Filter) ^ <7ji« i.,* ^ ^ ^Jp .^^,i,a»Jl j jji.,^aii 

^ <ili 

j-SSlI (jvOaJLi ^^jSlI a ^fJjijJI bUjj ^^-.flaJI ^ f,^^^ 

Lj-^ij i^^i jsisjJi Jis'jjj .Lif^ 

li^^* ^ Oj_SL*Jl (57 J^LUI) (Upflow System) ^\ 
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12 - 18 min , 
8—16 mm |v:?>*^ u"^^ 
4—8 mm ^^f*^ u"^^ 



VF = 0,1-1,5 m /hi 40-90 m/hr = Ubj^ Jjuu 



:S7 Jiill 



_ 4.6 
Ull. - 1.4.6 

U j:L™iJ! ^\ jij 4 (Cysts) (j-L^I Ji* ^y>\ iS j^'^ j^iUa* 
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^1 aJLiil »LJI oL*^ (Candle dL-l_;-Jl SaL. 

^1 jJ^LJl ^ JUaj ^JL»>I^ Lij Cj\»^j*i\ aJjkj 

JLrj a ^ iII^JLII I.,.. ..I ^Ju jl ol32.1T J ^^.1,09- ^ L^I.Jt.:..i| 

t^j^jdJ i-^jS" ^Ji.i-d ^jJl ^ 

5i3_^ ,j^*d tiflji ^1 

*— "^^^ ^^f^ y ^— <lilil>r7iii <i !l «,}LaJl C^i^ ^ - ij " J 

^jlLi^mJI ^^^I ^''^^^J 1^ <LgJaIljgj iii^Jaj J^lijJl 

|,^>^) JL. J ^1 2:^. (5-7m^/m^/hr) Jjj« ^ Jv^. 

(J ji^^ Jjjj t^jJl fjjlaJl ^tjJi ^1 J .(0.7 - 1.0 mm 

ij^j_«J ^LSl SfL.j ^JUkJL-^ (0.1 - 0.2 m^/m^/hr) Jj_i 



s^LJU L-Lu. UliJjl j^^l "J^j .(0.15 - 0.35 mm) 

f UiJ Ji J* ^1 J^jU- JiltJl iii.^ ^Ul ^Jj JL. ^1 ^jJl ^ 

aju^i ^uj^jjt - 2.4.6 

ol y>^ J^'^ ^' jJ' oLs^-i j-fcJl |» Ian < 
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tCPressute Filter) Jut^l ^ ja Sjuj . J^U- ^LJI ^ju 

SjS'_^( oLsL*jS3L Ta,,„« ►LJI J- y> lij U^V *Ui y> SiJUjl 

fl 1 -^1 i_9|^;.jlj-">LJ kiLJ j J (Air Compressor) A j-* i2_iiL,^ 
(iUi^ J ( *n]a-.:a ijj^, SJb- jxi (Fluidize) J»..T j (Backwash) 

aUaJl U. ^1 cl'U^^t - 3.4.6 

J jJ^^J ^ ^ t ' 4jLp Ljjl V| ( 
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.0,9- 1,2 m l^U- J-^l ^ u^j^- i^i 0I> 

•i^l ^UJI J\ oJLa JliU- »LJI (^^j 

J-fcJLJ .(58 J^^l) bj^u^;^ Jujt >_AJ^ 1^7 li <_;jLiut ^ XLp 

iSi\^y\ ii-^l yU*)fL (,>ii«Jl (Adsorption) 
^ lj jjk Sj^fA^Jl jt-S j-*Jl li-* ^1 ^ ^ J . (Straining) 

^^-i-i jJi- tj*— Jlj> J^*^' t>--r^l ^ C->^ "^'J 
^*KiJ Jiilj^^l J- jJi-Jl iJuk (_yJLpj . ((Schmutzdecke) 

^ ^1 Oli « liSi J ji f^LJl 

ells' lijj -jj^^ >-ai.U;' j_yJ| ^-5 ^li^i^j^ LaSlj ^LJI ^ 
.^i-i -JU-aJ j_|J _p Cf^:"-^ "v^' J-''^ 'j"^ 

j\ (58 J5LiJl) Ji-xJl JU> j^Jkj- i^lJii-i-L 
p_^j>Jl) (V) <_»jj>Jl J^Llu iuJLj ^« .(J.SL1JI j^j^ 

^Li. Jl a*Us»)fL JL- JU> j! JJ-J*]| Jb> (2.6.3 
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,L, .ilU1| frL»J| JjiJaJ ^l-*->^ ^ 



• til ! ...I- 







.<L]Ip Xiyj ■■ 

I jL.^t ^JJii; ..JlLl, 

.(1.5 m (_jJl_p-) Aplijjl (_jS ^tJij^l ^Ja^ t3j* i^j^^"^ 

^^jl^ ^ SO nun ^Ij^ r-LaJI t-Ajj-sOj i..iJaH)l <i '/i'lJ 

jii^ij . (10 - 20 nun) jtkJI ^31 jlj JaJL^ (*i J-jJl ^-Ja- 

JLi_Jj ^.^^IrLaJI i_ijtllJI oL.L«-» JLnj jJl ^liJjl ^. ./t; 
jl 300 mm glijjlj t-ai,la;il Ju«_^l ^yi JbJ<« SiUoj '^^'^ ™™ 
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^j2jJ 400 mm iit ^UlJl ^Hji-mJI 

JUJLfJl J->J ^L_Jlj 0I>JI Jl jt * J-^l 0- 

.4»-jUl iiJli ^1 jj^""* (J'^' J7 

M t.JJa::Jl aJL^p »I jlu ^cJ^ »LJI Ul^ SaIp SJL:>- 

;iiJaJl yzAjiSl Oi L^J^SU- 0 SJLp JL*j c-J LJL/. 

jj,aL>.i]| jt »LJI jjjJJ a:>U^ ' .r^' j ■'^^i^l 

.(S.6 ^1) 4«f2«j JLu 

cJjJl ijAt^ JL»-lj ^ jiSt ^|JL».1^I j^^AiVlj .«LilJLi.ij| 

J::2i- ►Ul iiyr'jJ\ j^iS^I oliU- oSl ^iUij /Ulk. j^S^JL 
.(2.5.6 ►j^l) ^yJ\ ^/ ^\ SJUiJi V>f olalSai 

olJLi^L jl ^1 iU^I JJj tkiUU .(j^l ^SfLi ii— J 
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.SaIp t600 mm ^ Jbjj J-"jil J*» d\ • 
0.3 m JIUJI J--- Jb) Lil^ ^ jAji\ Jji fUi J** • 

iJU* fLijl JJ *lUij *(55 JSLUI) jl^^l ^Ikj 

j^I OjSi ►ui ^ ►UJi ifPjj o! Ml 

iiUUl fbL.j tiJLj^ ^ UUiJj .fUJi ►Ul y> 

^jil SJbJP ^L-Vj IJL* >_a.li-.7 ^ JSlJj iUfJj 



5.6 



I.JUL. - 1.5.6 



^ iSLsLa^I oLkOXAJl ^|JL>.i^l SaIp (Disinfection) 
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pLJI j_ySULji--^ cjt ^ j_PjJl ^jJLj 

^ J2gTT..u ^^au^l ^^y^uK^au 0^ «ilUJL^ 

.(4.1 *y^\ 
oU,«s^L |»JLc)t - 2.5.6 
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^js:- li-l ^ J^l* JaJ>- liUL* J •LjiJ'Vl ^L^I 

A^sJuJ] JJUmJU J1»^I 

•iS y^ J'j^Cjti kiliJH 

iJ!)LjJL-!>L! L^iT ►LJI ^^^i b\ J-^J ((Contact Time) ^"jbJl 

►Ul A^yj Jl*Aj| j^JudU oL*^ .-ilsiJ • 

.>JI 
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4j*S' j>-i\ J . (Free Residual Chlorine) 

tip^^^ j^^l^l (_)*al«J fL»j| ^ iij-,a*Jl CjUjJUJI <jj^^**il 

ju^LlgJl jji^^l <L«^ Jbuj ,IijlU.,!l ^Loil i j:i »L^I Jju 

«LJ| >Av" (f'LJl ^ 0 jJUL fjs- 0.3 j\) 0.3 mg/1 J 

0.3 mg/1 ^ ^Jif] }S J ^\ {r|^ i*i5Jl "Jla jJU* J ^^.s^aJLi j 

t j_jlSUl jjSy ^LjJ (Kit) SJ*^ -^3 mgA Jij) j^. 

.IZLf^S ^jfi\ jjisji jj^jjJ ^bJ 

^ J^I^ (5^^^ iLa^IuJI ^^mJI oLlJl^l ajj^^<,allj 

^ U9j! v^^' J^'^ -''^ -j^^' 



tHJij ti_**.va*Jl jl jiiji ►LJI V US' .J*_pi ^ 

JJ ^jdl jt JsTjdl OIj l*S ^j^- ^L.jSll 
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<LjJU>i aj^^i^ XJua>,l\ jJi> 

JXJLj J^a-MJ ^LlalJl »Laj c)li».,<9i i^jjj^ h ; J j -fcl-wt^Jl 

Jjju (Qotinated) jjJKi •iJLii^l jltuJl (_;-JL» l.^y>y> 
<J ^^^JL^bjtt ^^^yii j^^JL^^B jl p| «li oLi Ji-i_j .a^JLp 

ii^liil ^1 aIsLa^ t.r''-^ ^jl9>i<mJI ^UaJl J (Aspirator) i^LLJI 
.(59 JSLlJl) (Constant Head Aspirator) 

it 

(Perforated L^L^ JUJ ii hJla ^ j\yj> ^yL»-> ^jJ^:l^_j 

pL> *j (>-^ (J^J ^ ° ^^li SiL" l a .l > i^ jJUj Pot) 

((Javet Water) Aa Jt^ij J y*Jl JjJlJI j .i^Ul 

►J:>J| >JI) iuJl ^ 1 »UI J jl 

Jifi i\Jj>\ j] j«jf»^l _;-^»u3l .(5.3 
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^jr^ VJ!*^ 



•jlkJJ (^Iflll ^^;^mJ| kijUj 





J^^L^I (J_^l*xa ^yi^Mi! <w>'Jpt 



.ci^bli j-Tjii ;tu- . 



:59 JCsJI 



j^^^AJJ AltfjjJ? ^»A'o jJaj»jj jjJl^U i^LJLii iJljtS JjJJj 

^ 2 UjIJlLo oJLij 4J,L„^il ^yi (Tincture) J-*L>- J _^L>wft5' ojl j-i 
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ip^] SUaJL ,^^1 . 3.5.6 

|iJaiu j^'-Aj ^jLp aj^li ^j.iii it.il » <La»l 4^1.. a;. !l 3 XatJiVl 
Jj»^ >UJ| ^ ^J^^s;,^^ ji\ (J^ji>MJl SaLij Jli] 

J_ya J'iU-j >LJL t^'^LJl t^ii.^i 4i>iiJl J^ts^ (j» JliJi 

OL«_s<jJ J . i:>-J.> 50 (iji ^JiJ y C-.IUT) V J ajl ^,i>J( Silj^ 
isJIx^ ^ SODIS ^Jiel^ Sjl ^pJl Xs^jJS JLi>i ^^Lijjl 

^Ja*- j_jJLpI (jLiJLJl Lprla.M J ^\i./t' (Half- Blackened) 
j_SL! J SLj-sajLj jJL^Sfl ^ (PET: Polythylene Terephthatate) 

Co^ (jLjjJl i_a,/t7' a) Jlj^l '■^J 1^ la .xj^ oLpLw- 

s sJLa JLUj J ,^ AiUJi ^ 50 -I aJLJLg jl 'i^U" »L«->^ 

SODIS ^ "•S^l <^_;ia^l "-i* J y~ t^L" ^l^**^' 

JtAi- LjJi J ^-dl tCc:^ ^>fl) iuJUJi iSLUl 

Oi ii^j . 3 J^JLJI ^ Sj_j^Ul ifJbJl iSLiJl JU* GARNET 

^ <laij>- (j^^ J-*J V-T^ ^J^ji U^'-^' 

^j.ij;! ^J-s^-Ajj .aJu jyil 4^1jmJ| JLaj ^^-^ y»V O^LiJl J»j_^ 

jjjU- mISj JLLP ^1 4j Li^ o|jl»iJL.«l ''ij^' 
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.SUS VI ►LJl ^ jJti 

oiJiSlI 4,...„,M| i^UJl UJiJi ,j/iL*j (.Jii^- 

(Solar Water j,„.,,Ml oiJiSiL ^^UJI ol^7...,.i UL* UlijSfl «JL» 
iJjJL, s ^ 7 ... II J.JLq^ J_va.»tj J t iiaJLJ j . Pasteurizers) 

OUUit - 4.5.6 
Oy^lj aLJi |>.Zi»:! 'Lk*!!! JL.^ j .i^ aL< 

jt-JI ^1 Jill ji^ jjk jalia tr*i- SJUJ 100 

.4:>-jd 70 JJ J::2j Lf^JUi (4*1^ 

ills yk jt-^Ajtiil tjJLJi*Jl rUJi ^|JL»ciAi<l t^jL^ji ^ 

pUJI JU_^ JLrj ,2r***^ (tJiJajl l*-*^ LJ^ 

LSjj i ;-> . J»j_;-lJl Jij ►LJI 
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^1 ^j^S J I JbJl^l 4i\jlf - 6.6 

A^yf^\ oL^I j JLiJb>JLj iJUJl J^^I^^JI jv^iiJ 

Luiis fLJl -ii oLiLa^l oJla oI tSjUs> ^ Lfjl 

jlj-^ ij^fJl 0^ tj_^J!5t(i-'ifl JUaJ 

ijjU- Ji-b <jL>Jl ^^-.flsJl ^ (J-ij) J— ^ (i >>j' Cj*^ 

LaJju (rUJLi kjLyoJ (Oi^JL?- jl) ajjLt- J^I.) ^L(JI 



<P J <7>o ^ j^j ^ " ^1 ^JltxJL^ ^ fcl-icLoJij kAjJL>eJL! aJLj^ oIjLJ ^ 

JUJbJl 0L» ciliJi^ t Ja^:i L(Jp J^l»J Lois 4;;S^^lf:L^Vl oLicft::»MJI 
O^^r^J^' ^ jJlf <L«^ ^jIp SjL» i^^U.-ti (LJl (^ysTj ■»(_flaJl 
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^Jll XJiji - 7.6 

(Still) ^jJiiLlI Sj^l Sj-bOj! J5|^ ^LJI S.LJI 

(4uiU» «L<« <Lla«iJ ijJ>-\ i^^j^ i^i 'i^LsJl .iJj:uJl 

^« T-*. a !l al . o H B ^ . . ^ ol « ■» ^ <j>-L><JLj <iJLS^J 

i-p-U ^ Ja-uVl (J^Vl J^^Jail f-J^J tcin^7,.,»ll 

jjUJi aJIji - 8.6 

cJLs jjJL<JL >lj:>-l 4 ^ Jbjj j^l^ jj^^ LoJi* 
Salpj ,'LsliaPj ^uIIajiI ' --.^^ JjoSlI (Jj^^ J,r^ ty^l (ji^ j^'y " '^J^^ 
tiULJ iJ_^:>Jl oL<Jl c^[S \i\ L-i t<LL>«Jl -LJaJl oLkJLJl jJl>J 

JuJS jj i jJLi ' - ( - ; (Alum) <-^.t. il J (Lime) ,;-;}-?>Jl 4jL.^^ 
(Nalgonda «lJLi yJlj ijiidi «JL> 

JLf^jt J"5U. pUJI jl^J Lji^ t5_p-t dULukj .Technique) 
.(Bone char) ,^*ii*Jl ^.^l J^iU- j] jliUl f_j,ji*JVi 
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JUliJI <^ j»j ^Ui-^j JLjiJlj t ijiu iJ_j^l bL«JI 
jjiS'ly •'i^^i^* 4Jl5Ll» jXij t|JL!l yiVl tJiifll 

^jj3( j>i OT ^ S jJaiJi J iiUl j^l ^1 ^^L^ jlf^l 

oli>L-Jl ^j;Jl jjJIjJ JJiJ 

^.li^I^j .pSnTll SODIS <(jLLg Jj| ^1 aJlA 

^^Ijj .^ja^.til Xj^ yu) ^jiLJ UaJ SORAS ►LgJi ^ ^^jjJl 

Jju ^LSlJJI JjJL>Jl oLS^^ |jb«:La <JLi ^1 

►LJI J\ JLiJL>Jl oLS'^ iiL^l ^1 jil ^yuu jUjuj tiiUU 
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- 1.7 

UjliStj iviri^^l jW^Lj ^UJI olaLij)/! 

^jiAxt ^ sjlpI 1.1 « li J-o-Sj .»IaJIj ajj^I oL^^Ji j«l iirt'j 

OSf iiU^J ^'Sfl ^Ja»^\ Lf>,A«j ^ SJpLli ^Uj 

^ La sLaJL Oj-lJI j;;^»«J '>7>?^ cS.;'"^ i^Ll ^ ^ ^^Ij 

^ .OJL>»I.M>.«Jl oLaJI ^ ^/"l-i-'H A^Lji *JLi^ J*J^ 
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t<L.>»di/» IjLla^t i^MkmJ Lj-j^ JLj>- ^J^JLj sL^I aJL* ^ ^j,aJLi«lJI 

JiiAj <(j^l ^Ij^L iiUU tljj"bUij JSUI y*lSi SaLji 

Ot 0 j.ii<7,.« j_yij4 IJLaj toJLiJi ^ (_gji^Jl IJl* 

c)l (j^-a-J -^^1 Jj./ii»J c)I ( Ut^^ _^..,a»JL! _p^f I jjiiJU 

cLJl oldlJUi ^iJk^^L ^"il^i^Ml .^..^ ^1 Lit .L..,57lL ^ 
^yo t)L» t^L^! j-:r^^ iJL>- 

a J*)!?- Lf> kLwJl Jaj^ <Ooj*^l <Lw^^l k-wjUSfl 4iL^»Jl 
.sLJl ^ 4JLaL«.Jl oLUalJi j£» jj ^Li 

I.UJI .Ul ^ J»l2i - 3.7 

^1) a jjUl Oli jt ^ (•-'^li^l V^^^ ^Li-aJI ^ tjl^ JJbu 
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(Washers) olSCLL ajji ilal t frbspVL i^p^JI <ijaJ yjiJj 
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(Sdf - jJjJI JLjIS ^b-v<aJl OJ .<ij> <-jj— jlJI ^!>Utfij jj , 1 1^ H 
•jU tUJ"5li t-ipSfl djS^^ oL^I ^ Qosing) 

^ll^ ^|jL»>:Ljy| ^[ jUi<^ I'k^ (.fl^ J .^-la^Jl JLrj jj.'.yall 

Jui "^j^ ^Sll IJLa ^^•^>JJ iSL^ 
ii^iil v^^Vl ^ (j^-j^l »UJl kJjj^ ^ 

i5^;:>^ ^ ^ ii\ J-.ftiij ti*S5L. iSj^ tj*jj>ii]l iJaAi *j jjjj 
kjij^^dsOJ 0^ ^Jl» »UJI -vO* (/^^ 

(jj^UJI <-'^t ^ jLoiJLuJI liJLlj ^ Jit »LJI 

J . (Soakage System) ^ jl ^U«iil ^Uaj ^^J^ l^i^ 

v_jjJLij| e jJD f^Jj ^ N .(60 JiLiJl) (Soakaway) c-j ^^JLiJl 
.(61 JiLlJl) ia^^Li 'ijUaAj IflJa^j LfS'y ^j^^^i JJ^"-^'^. 

.»tL» ^1 a •'JL* j53 J 

^^2^ ,ia:T,.,.]| »LJ| j] ((62 JSLlJl) ils^ ■'^ ^ 
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.IRC (1979) 



:61 JCUl 



i^^ij ^ Jia-'.!— a-ll »L«Jl ^ 

• jjI^I oI jJLsJIj |J^jj«J| ^^tJ^j i f-LJl 
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41^ J^l J (mm 

J4 * ■* J? I 




^UjI 4..«<alAJl ^ ^J^A».lA ^fij ■ * JL3 IjiA',,,* JLpIjI 

Jji 1.4 m ^-lijjl isai*Jl ll) (1)1 tj^u-liJl ^^r^ 
^ jSlI 0.45 m ^LL; jL ^jVl ^ lb jl iijC 3 •, . ^LlUl 

f-llj ( <•>«•■ « Jl>-lj JJ ^ «j>«I.ll ^iajtj Odj j ISIj 

BP jJlt-a J l *j jj>- J.H j^iMtti jAijj'ifl 4 la, .J iSi 
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JUwi jSj i^^wtf ^^^^^ ^ dIjA - 4.7 

kjjjVl jIj- - 1.4.7 

itdi (f'LaJL! oJLaI^ ^-•-^^^ -^J ^J->^t-A4 

.CJ_^Sll J Li) ./all jl tj_y>rl3...!l »L«Jl Jax^ jl 

i^UVl ^ : (Metal Pipes) iJJb»*Jl vtri^*^' • 

;Lijk Ly-jU! :(uPVQ 'ui* (pvc-u) Jl ^\^\ • 

(-.^Ut : (Polyethylene (PE) Pipes) ,>JLJi t-^Ut • 

^ MDPE ^iia^jiJl ol^j HDPE lAA iuli^l oli PE 

jUaiVl ola PE t-jjUl ^-Lj .ijJy^ 'M .r^l 



205 



^^^..aJl 4JL«:3-I ^l^ljj ^^.J'^ 

t-JUJl ^ 0 j5o ^1 J (coupling) i*U»Jl iijl J ^1 iii^ Lo 
ijj^^-vfl-SLj (j-Jj oLiljj>»j| jl olf'ljJLiI J.j^JLiJ tj-^LiVl -Ji-f— 'j-j 

:(Asbestos Cement Pipes) iJL- c. ... . .^^1 t-^Llt • 

^ Jial>- kiLSllA ij-^J jliai'ifl j_;A>«J AjiJliii:^^ 

^O^Vt Sai- - 2.4.7 

: i^Jiti _^iia«]| ft^?<^ JLalxj 

.<dL<k>J i^_^JilaAil »LJl 'Lai' • 
tl^ ^i^aJl SaLJl JLp bU::p|) i-j^bU aJU-IjJI ijyijiJl • 

(Static Pressure) t^_^5LJl b;,^IL ti5LJiJl Ji-li (_^L. jia 
i>JLJ ^1 »LJI jLliT aJUu Sdlp »LJI iui^ ^Lijj .^kJLJl dJLlj 
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»LJI 4dL^ ^iJl ^LSjjVI y^j ((Ptessuie Head) L^tj Ik*^ 
0^ ^'^s^J 4ia2Jl iiUj cf^^ 

^ LfJ (i ^1 iJadJl J^b c) .^^r' 1^ J^"^ LS^^J iaiu^ 

i^yLi^j (Olj^JI) Jj-b »LJL! (i^Li^ 

jiUiJ gA::*^. tiii^^l .6^ oLJ!) 

(Bieak Pressure laii^ll ijii^TaTl Ja^^ j ^'i^ ^ Jji 
i^^Vl J^b 'Ji-aV' -^-^ J .a^LjJI ,JLi» Tank) 

^ Jit 1» « il VJ-^'^ L>JLi» 
ijMjj .(Static Conditions) O.^^^! oVL>- ia«^l 

Vj^^' dlJi^l L»»./g!l Jii '>bjjj IJla 
.tiH<T,...n US!5l. oVju*j ►UI ^jJ j^jfv' t> J««-,«3I 
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(iUiJl tLuk (63 JiLiJi) (<ijJ>dJ OLw-L-t ^Laj 
^JL*- iKLij ^jSfl JL-^ (_5JL!l j (Branched System) ^_,iuJl 

<_.^UVl ^ (Grid) 4:LgL.JLg aSLJ^ lJub ju:ujj) .jUU^il 

jjl* liUi jjjj c)t t3j3 ^ ^cjJUfliJl ij^l ji-^ io jUull 1^ « jJu^flJl 
^^^1 IJLa ^v^j •^ri^'^l iSLiJi |iUiJ ^».>./a7! j^J'^Uil 

fc^jjVl Jly-jJ- 3.4.7 

(Laying) JU-._^ J3l ji. ^^J iih»^\ 
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JLLp .Li^t JooLl* tr.jjtTl ^rij^ ^l.l-twLolS' l^^liVl ^ 

o^L^ jJl ol^ v^H^^^ J>JUaj j^VIj .oLjl^wJI 

(^tj jL:u>VL Jl^^j L^Vj ((Push - fit joint) iaiu^L ^1 




0.6 mj t ijjLJl <j>rJa-. 0.3 m 

iL-<l_^ jl tJ>-jVl iia-u-ljjj 100 mm ^ Lji^U->- Juj; M 
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jtLJi j> u^-'yj tv^Sii .JL-ji jUi y^Ji ;u>Ji 

JJLL- JLp oJu J*juj .oL:l*jl*JI .-iiS" JU> jt ajLJl 

Ol ^ ij ^ f Cr'J (Settiement) tiL-iJVl 

OTj t^^la..il ^J^' ^^J^ V'?4J (4f»Ja^l aLJL 

j^iUJl oL-iJl ti^l ^ u^>-i ^\y* oiS^ 

LoJULP jt iiLju^ u^^' .^.«7...« J-ia»^ b)l c^*^' 

JLpL.^ 0^ (alllJL! ^_^WjuJl ^^^^ 1^1^ (3 ji ^S^jJLo ol_^;>>^ 

j^JLp ikiL>wd ^jisLi^Jl y^ ^^JLp ^u>u!Ljj jpUJI djliJii dL)u| ^ 
jLj^t ^jJbr ^ JLiJi JSL* ^ t5^Vl 

J\ vjI jJ JSLi JiJl Ji-b Ol 
olJ) {jjIjJ SJLki J^-ld UjLu>^ V'^f* tJaSs 4j^^^ Vii^^ ^ J^y 

^ji^ 4JL1JI JvLoiil ^ oLiLbntf jt ^^Uo' {rf^^ 
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m*iJi iiL-^i j^Liuoj iiliUi ^jfiiAis ^j^, aj ^1 .JLnj 

ttiUJLS' .t-i>^Sll v.r-^ LF^' iJUaJl (Flush out) 

C)t t_j_jjSll ^ ^U-JJ ifcft^ Jslij oUU-/» jjjj •-^-^ 
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.<LlSLg O J^;»<J oUuLvoJl ^Ujl j^eii aJSliJl ad jJLm 

(Tedmical Briefs) izAj.4>:!>^\ ot ^iJ^^iLi »l ^1 ^ 

^ (cJ ^^1) L^LJI i5L^l li_^y> 33 - 64 
http://www.lboro .ac-uk/weU/i^soirnxs/techiiical-biMs/tectmical - 
briefs Jitm. 
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2 iJafeWl 




j|jL.>L 2Vj '^Sj.^i:^ 

jt (Pickford) (1999) ij>i5Lj ^ L.^ O'Vl jJLU ^ j Waterlines 
^ Li 33 ol^,v2ii«Jl Jlj^l J . (1999) (Shaw) j-i 



JS' jo.^Ti .(3 J>JLJI ^1) WELL ^ J- 



; aL# Aii USUI fis>) oiji-ii 



11, 14, 36, S6 
34 
39 

11 

1, 14, 36, 56 
33, 35, 41 
11, 36, 56 



(1991) ^ Sajlj 



13 
14 
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21, 1. 11. 15. 21. 41 


(\)tjai Aaj f^jt |i.«.a' 


15 


19, 25. 50. 51 


(1) SUiJIj *IU 


17 


20 




18 


17, 25. 50. 51 


(2) SUiJIj ..111 lo^l 


19 


18 




20 


15, 11. 15. 21. 47 


(2) il^S oU^j- 


21 


47 




22 






24 


17. 19 




25 


32 




26 


3. 34 


kj jill jl ^^Ijj _^!-JL2; 


27 


44 




29 






30 


26 




32 




(1999) 




13, 35, 41 


^jlD oIm^I oil! 


33 


3 




34 


13, 33, 41 




35 


11, 14, 56 




36 


4 




39 


58.59 




40 


13, 33, 35 


VLOM ojU.^ 


41 


5 


:iJa II ^\ 


43 


62 


tSj jWl JLe «UI 


44 


58. 59 




46 


22. 58. 59 




47 


47 


s /"^ Sjtt jS[ ajJImJ) 


48 


55 




49 


17. 19. 51 




SO 
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n. 19. 50 ^^^\ .iji—j .HI aUi; ^ 5i 

17.19 i^yf]i^.M 51 

49 jJuAS 55 

11.14.36 !-l.UII kJ^j SjUUUI 56 

59, 11. IS. 21. 40. 47. 1 »Lai y>ll iLUI 58 
60. 65 

58, /i. 21. 40. 47. 2 .101 il-UI 59 

7J, 21, 58, 59 (Moriiiga jjJL ji* jilJiA^lj »ai jjjjJ 60 

olofera) 

44 !*jUl jtldi ^ tjjIjUl Jie j5p.sll 62 
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auji asLiJi jp jUi j^u^ 

JjjJl ^ yjUl alJL.)flj avJl oiS ^ jjSSai iJL» 

ol^Ljjl jaUoaJI oIa ^JLcJ Lip If-v^ 

jLkj'yi ^-a-gr T ... ,» t J I « T II j-i-Tj t (General) (^Lp f-j.:^ 
(Hand 44jJlJ| oLir .,A « iL ti. ((Rainwater Catchment) 
j-^aiii^ >-A>- ^ ^ oJL* ^ JS' ^ j-fJajJ .Pumps) 

.^jJl Olj^P Jjli- gyjl 
Garnet 

^ J (Global Applied Research Network) J j.^a::i-^ j 
4^^.a-u< J J 'Ljjjoi <LSLJ^ ^I.i-StT.mL (Sanitation) .^^il 

^LJl 0 jj-l-i <Lij«-<JI oLoJii-«Jl ^ jjjj (Links) jj y 

^aVs^j toLSl^j lS^t'^^ ^'j^ LS^l ^^U^yij tj_yP*,iA!l IwH-JlSGIj 



wwwJboto.acuk/ganiet 
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IJfewater Cmada ^ y 

ola (Links) Jajljj 6y oL« ^ j-<Jl IJL* ^^Itnj 

, «Oaluie Traming and Technical Links» ^Lj^ oU ^LbJl 
«Water For The 01 oUa?-^! ^jjj 

.oI:>jNI lifj Ijj L» Wo]id» 

www.lifewaler.ca 

SKAT ^jA 

Swiss Centre for Development j]) SKAT — i j . ! 

aJjJ JijI jj IJlJi Cooperation in Technology and Management) 

www.8kat.ch/watsanweb/content/technology/^neral.htm 
www.skat.ch/watsanweb 

Waterlines ^ ja 

a.»s^i c*Li2iiJ UjjJi aJbNuJi jjkj 

(Intematimal Journal of Appropriate itm HI \,a . S ^ )lj 
Technologies for Water supply and Sanitation). 

JjJL>cj ^ JlpL.u aIiLJI aJL>uJI ^IjpI 0[j 

.ITDG ^ Ujiyi j] tiUJI 
wwwitdgpublishing.org.ijk/waterlinesJitm 

WELL 

i/*-^! jLfcajVlj JjlJI i^j* >*j 
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oLikJJ <LjL>ij»j ijjji 'i^'.S' oLiL>r7.«l WELL ^j-aJl 
oij.5L>iJl jj^j tNGOs i-;jij.SL>Jl ol o la : « !l SajljJl 

(2 J.»JUJI jJxJl) Waterline JL, 4_^UJI 33 pJj ^ 4 . \ 1.-JI 
i*^j>MJl i;jij>-j-<Jl t-.::^! JL>-1 i Running Water ^ ;i_^LoJlj 
Cross referred L-5il jj Oj-saJLic-«Jl oJl* o.r. .M jJj .4: ...il 
J^lij |_y9 jlJj 4^:^ JJa tWELL y^jjj .1 t>!>«JLJl 

.(^ji-I S jJi^ (Links) iijljj Jj^j -V^' cJlJlUl 

www.lboio.ac-uk/well 

WorUBank 

^.77.11 World Bank ^LJI ^^iuL^aJl Jaj^ 

.^UJl 3|JUJl oi.;Z7i iL^UJl aJLili jjUoa 

vmw.woridbank.otg/html/fpd/water/tot»cs/tech_8upply.html 

DTU jlk«Vl 

(Domestic LJjJuJl lJj S II »Li ^1 » »■ 7 .nl ^^j-; ■ jj 
jj^LiJl aJLv J ^ J Roofwater Harvesting Programme) 

•ijyt ^ ^^j^j 4x>>l>J Ajuliil ^ — (^1 a^jJl» ^ 

www.eng.warwick.ac.uk/DTU/rwh/indeK.htn)l 
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HTN 

oIjjJjVI ^jfii^^j tojxAAJl jti.<t./g"!l ^^^^IjaJ "^.^^ J— jjJLsJI 

tBushj Uganda U3 j lAfridev SJ-v»l j-i-^ ijjJ-Jl oL^ ./> n W 
.L»^ J Yaku - MAYA - TARA oU^. j t MALDA j 

www.Skat.ch/htii 

Lifewater Canada ^ ^ 

«Oiiliiie : jU- ^ ycS\^_ LjJL* J^-^l kiUl^^j f\sH\i SjlJuJl 

Training Manuals and Technical Links». 

wwwJifewater.ca 
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4 (JflfeWt 




1 metre, lm= 100 an= 1000 mm = 3.281 feet=l.(»4 yards :(Lc>8tk) JjWM 
1 kilometre, 1 km = 1000 m = 0.6214 miles 
1 inch, 1" - 25,4 mm = 2,54 cm 
1 foot, 1 ft - 304,8 mm - 30,48 cm 
1 mile - 1,609 km 



1 kg= 1000 g = 1000 000 mg :(MaBB) Ibsai 

1 kg = 2,204 lb = 35,27 oz 

lm> - 1000 litres :(VdBBe) ^m;,J\ 

1 m^ - 35,31 ft^ - 220,0 British gallons - 264,2 US ffdlons 

1 litre = 0,22 British gallons = 0,264 US gallons 
1 megalitre, 1 M 1 = 1000 m' 

1 British gallon - 1,2 US gallons - 0, 1605 f\? - 4,546 Utres 

1 metre bead of water - 0,1 l^f/cm^ - 0,00981N/mm^ :(PmMire) JiJUkH 

1 metre head of water = 1,422 lb/in* - 1,422 pn 
1 Pascal, 1 Pa = 1 N/m^ 

1 bar = 10,197 metres head of water (although often for simplici^ it is assumed 
to be 10 m). 
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1 litre^s - 13^ British gtOlons :(Flom i»t») d^t^ JlIm 

per minute (gpm) 

1 m^/h = 0.001 Ml/h 

Im^/h - 0.00S27928 miUion British gaUons per day (mgd) 
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Hand - Dug Wells 




Back Wash 




Cable Tool Rig 




Fixed Diffuser Vane 




Cover Slab 




Reference 




Domestic Use 




Barbed Wire 




Cement Grout 


jsL- ii. 


Cross Reference 




Rehabilitation 




Water Rechar^ 




Head WoAs 


olti'.j JL»»1 


Maximum Total Daily 
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Roofing Sheets i^JJLJ ^ 

Slotted Plate 5aL!L. ji] /IJSj> ^ jJl 

Delivery Valve (or Tube) ^jii ^L-^ jJ\ 

Stand Pipe i*Sl3 Sj j^Vo /iwj 

Well Point '^-^t^ *— ' 

Sump Pipe cJljiJi ^UJl J ji-j Ji >-j ^] 

Down Pipe i^L^^^I iwj jJ\ 

Washout Pipe ^^Jai-l^ «— i 

Casing Pipe V V 

Riser Pipe 'r'^'^ 

Siphon C) jtfj.M ^1**- t_j 

Overflow Pipe «-» 

Flexible Pipe c)^ <-< jJ! 

Yield Jj-^*^ /*^^[ 

Washout tJt\ 

Sag J^l /JL. /j^l 

;uL. jSJ\ ^Ji cJy JSL* pLtJl 

Shuttering (cJj^i JljLi 

Starter i$s[i 
Auger 

Solar Water Pasteurization 

Casing jJajJ /jiLi* /|»^Jij /'ijUu 

Faecal Bacteria ^jjl^ ^js^ 

Pulley !jS^ 
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Ware JL 
Brickwork (J^IUI) »b 



WeU 



Driven Tube Well iilwi j\ ij jls^ i^^l 

Jetted Tube Well iiiU i^^l ^ 

Hand - Dug Well Lj-Jb : jjip^ Jii 

Watertight Well iSL-i ^ 

Roughing (jr-'J^J lo^A^ 

Provision t^jl ^1 /^li j j^JU 



Uniform Granular Soil ^-i*^"-- 4^;^ 
Uniform Fine - Grained Soil a^M,t.. j 4^1] <Lj^ Ly 

Gravel Soil A^/i^ h j 

Top Soil iJ y hy 

Reciprocating J 

Sludging sLksJl i-^^J 

Seepage J 

Fluidization J^^^ 

Life Beyond Designs Ji^' >^^' ^UeS 

Sta^ Upgrading 4JL>- ja mjOju 
Jetting Ji tJji i'^j^' u-i^ 

Discharge /^p'^ 

Impervious Formation (ilii ^ jl ^ 

Masonry Mount of Earth ^ /J; 

Purification aJij 
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split Hn 




Air Release Hole 


... ai" t_>2j 


Borehole 


• -ft 


Artesian Borehole 




Machine - Drilled Borehole 




Hand - Angered Borehole 




Counter Weight 




Sharp - Edge Notch 




V - Notch 




Head Wall 




Competence 




Impermeable Walls 




Threshing Floor 




Outflow 




Inflow 




Cumiilative Outflow 




Cumulative Inflow 


^L*^ t^l* tjljj^ 


Stator 




Foot Bridge 


•1 ft 


Hydram Body 




Guide Bush 




Boulder 




Coupling 




Permeable Banks 
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Wedge - Wire Screen 


iJ"^ J^'^ 


Bar Screen 




Tripod 




Guy Rope 




Wire Rope 




Rope Thread 


(^^ J- 


Stone 




Sedimentation Chamber 




Surge Chamber 




Suction Limit 




House Compound 




Cast Iron 


ykjJl JbJb- 


Upstroke 


JJH\ oUJL '^y- 


Straining Unit 




Rain Water Catchment 


jUa>af « «'»ii7iii« j*j)aA 4JLi^>- 


Excavation 


/ 


Development Drilling 




Shallow Dig 




Soakaway 




Pit Latrine 




Public Domain 




Grouting 




Rule of Thumb 


ijfAj^ /h^' (/t* 


Annulus 
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Bitummous 


(jliJi y>) IiSjJ- 


Baffles 




Precast Concrete 




Suction Hose 




Sedimentation Tank 




Break Pressure Tank 




Grapple 




Draw Dawn 




Trench 




Soakaway Trench 




Saking 




Impelled 




Plastering 




Securing Bracket 




Payment fay Comsuiiq>tion 




Pedal 




Hydrological Cycle 




Flywheel 




Driven Head 




Pump Head 




Winch 




Strainer 


JLi Sb! /Jjjl J 


Flush 




Backfill 
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Infiltrate 




Compaction 




Bracket 




Debris 




Droppings 




Slurry 




Rural 


ijjj Ij^^ 


Drilling Stem 




Weir 




Earth Dam 




Sand Dam 




Rock Embankment Dam 




Cup Seal 


i^j^ t-tfii/ii ^^^^1 dlJL.» 


Soil Embankment 




Qay Dams 




Infiltration Gallery 




Aspirator 




Gabions 




Flood Hain 




Accessibility 




Guaze 




Plastic Mesh 




Grid 




Priming 
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Scalding 




Direct Action 




Constant Head Asperator 




Fissure 




Cast 




Apron Slab 




Rock 


0 ^^^^ 


Fractured Rock 


ob>- jj>t^ 


Jerry Can 




Valve 




Washout Valve 




Air Bleed Valve 


ijjj |»Js:;j 


Impulse Valve 




Foot Valve 




Piston Valve 




Non Return Valve 




Nut 




Yard Tap 




Spring Box 




Shallow Tank 


c!^' s>ij 


Compressors 




Pressure Head 


jLuil 4P ^^L2>i /(^^j ialu^ 


Unconsolidated Strata 


'L>uiiJLi <iL^ ^ jj:^ OI2J0 


Pitching 
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Debonding Layer 




Consoledated Strata 




Sludger Method 


sU»Ji iijjfi 


Caissoning Method 




Silt 




Fixing Collar 




Drilling Mud 




Biodegradable Drilling Mud Ji>i^ Jjli jos^ ^ 


Puddled Clay 




Compacted Clay 




Beam 




Rain Storm 




Lever 




Field Kit 




Fishing Tool 




Yonder Rig 


jjj ^ 


Raked Debris 




Hydrology 




Camshaft 




Crankshaft 


J* J* Jj** 


Rotor 




Eye of the Spring 




Mesh 




Thatch (JjluJI J«M 
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Slits cj^>^ 

Design Life {jm-^I J;j» .t.?!! « 

Washes- ^LUjMl ^ iii:^ 

Overflow SaLj /iUoJ 

Extractable y^"5U Jjli 

Fonn Work cij* *— Jli 

Tiles JL>i ^ 

Guide Rod <^ y t-.^.^ 
Roller Bars ^\^\ ^ jl i*.^ iL^ ^ Vi*^ 

Precast Segment of Concrete Slab 4jLi ^ ^ 
Bed 

Hinged Flap iiv"* 

Qamiung /jJ; /iz^i 

Heavy Duty JL^-'ill 

Fiee Residual Valve S ^ 4«J 

Ram jjSLJ 

Stack jj-jS 

Sheeting ^ (^^r^ /s_^ 

Free available Chlotine (^liJl) ^^^^ ^ 

Unsustainable JUaj 

Chisel Bit Js'jV' 

Drilling Bit y)»Jl 4*2] 

Shdl Bit 4* JO' 4*2] 

Rotating Bit Sjl 4«2] 
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Waling 

Scumboard 

Photo Voltaic Pand 

Spiral 

Overflowing Water 
Screened Water 
Run Off 
Rising Main 
Lining Material 
Drive Pipe 
Livestock 
Trowel 
Mound 
Peak Demand 
Intermittent 
Durable 

Mortored Joind 

Perforated 

Ravine 

Erosion Gully 
Threaded Coupling 
Cup Seal 
Qogged 



^.j 

fin 
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Standpoint *]a>.j> 



Siuge Plunger 

Water Tight flAi ijJuu. I^S^ 

Airtight A lkj> l^^^ 

Ingress J I 

Core Reference j ^ ja 

Well Point jlJl / ^^jiaJl *-< ^ ilfl i^iJi ^ 

Windlass 5^ If^y 

Catchment Area jliMSfl 
Static 

Piezometric Level (^liJ j*bfl 
Intake 

Swivel Bolt Jji jL— < 

Pivot Bearing ^^\,/ti» 
Handle Bearing ^jfi.a»\] 
Actuated I 
Workshop J«>^ 
Overflow Spring ^ 
Gravity Flow Outlet J*ISsJIj ^kj>r <jj^ 

Perimeter Drain ^ j?- <-»^^ 
Drain aL* 
Glazed J^^asai 
Pump 
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Deep Well PiuiQ) 




Progressive Cavity Pump 




Treadle Pump 




Rope and Washer 




Force Pump 


^JhJ^]\ A^^^k^A 


Rotodynamic 




Cylindrical Diaphragm Pump 




Direct Action Pump 


^LJl (J*^^ 


Hydraulic Ram Pump 




Oscillating Water Column Pump 


iijlj:*^! (_^LJl ii.^ 


Submersible Electric Pump 


4<Joli> <L>i^s^ 


Suction Pump 




Rower Pump 




Wind -Powered Pump 




Volute Centrifugal Pump 


A^^^»- aJbU ^~- 7»'' 


Hand Pump 




Reciprocating Piston Hand Pump 




Heavy Air - J-SJl f\ ^/^SUj jlaJ SS jki 


Actuated Single Piston Hammer 




Down the -Hole Hammer (DTH) 




Jack Hammer 




Ladle 




Lever handle 




Slotted 





239 



Chlorinator 

Aquifer Ji\j> j^^*^ 

Confined Aquifer jjvt>*>o ;y>SA 
Puddle Clay 

Cement Mortor ^1 

Flocculators oljuli 

Committed ij 

Low Lying Area ^y>j^^ L^H^ jisli* 

Down Hill jjb^ 

Hack Saw ji^^ 

Drilling Rig ji:>- L^oIji 

Infiltration Area ^LtJjl 4lkji 

Stand Post 42k;>i 

Bellows ^\kj> 

Technical Brief cj\j^7imj> ^jJS ^ jj> 

Hankered Jbu /^yj* 

Spat Water iij .L. 

Artisian Water 4jjl aLa 

Rain Water jll»>Vl «L* 

Surface Water S^mJo^ sLi 

Potable Water »U /^ItJl tL* 

Waist/ Water hj-^ /oil* oL* 
Catchment from Roof ^jk^JI ^ iiutjs^ aLi 

Gutter V'i:' 
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Gutter trough on Poles 




Suspended Gutter 




Bailer 




Belt Drive 




Dewater 




Ground Water Table 




Soil Removing System 




Soackage System 


\^ \ 


Collection Points 




Communal Water Point 




Stand Post 




Pivot Point 




Expanse 




Trickle 


/Jii* /cpJ 


Hedge 




Push - Fit Joints 




Rod Joint 




Swivel 




Joint 




Connector 




Screwed Connector 




Plinth 




Sustainable 




Cape with 


i^JUflSj /^l^^ /jl^ 
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Gravitate 




Cut Into 




Circulate 


/ jlSJLIj / ) «Jb 


Improvise 


ljJL5 ^Jl^cLi^ / U>cj y 


RefiU 


\ ^ \ 


Displace 


TH.'A /<Jj*i 


Dispense with 




Intermesh 




Insert 




Seep 




Spring 


Jj-^ /J<^ /^\^ 


Fissure Spring 




Install 
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Accessibility 




Actuated 




Air Bleed Valve 


►Ij^l ijjj ^2eCS 


Air Release Hole 


at? 1 . S* 


Airtight 




Annulus 




Apron Slab 




Aquifer 




Artesian Borehole 




Artisian Water 




Aspirator 




Auger 




Backwash 




Backfill 
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Dames 




Bailer 




Bar Screen 


'\\.. Aft ^^l^ 


Barbed Wire 




Beam 




Bed 




Bellows 


c 


Belt Drive 




Rifid^ffraHahlf* Firillinff Mud 




Bituminous 




Borehole 


* ** 


Boulder 








Break Pressure Tank 


la^ . Ail I,** . .?a7 c)l_^^ 


Brickwork 




Cable Tool Rig 




Caissoning Method 




Camshaft 




Cape with 




Casing 




Casing Pipe 




Cast 




Cast Iron 




Catchment Area 
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Catchment From Roof 




Cement Grout 




Cement Mortor 




Chisel Bit 




Chlorinator 




Circulate 




Clamping 


/jLl /Ja*i 


Clay Dams 




Clogged 




Collection Points 




Committed 




Commimal Water Point 




Compacted Clay 




Compaction 




Competence 




Compressors 




Confined Aquifer 




Connector 




Consoledated Strata 




Constant Head Asperator 




Core Reference 


jjxLit /^j* 


Counter Weight 




Coupling 




Cover Slab 
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Crankshaft 




Cross Reference 




Cumulative Inflow 




Cumulative Outflow 




Cup Seal 




Cut Into 




Cylindrical Diaphragm Pump 




Debonding Layer 




Debris 




Deep Well Pump 




Delivery Valve (or Tube) 




Design Life 




Development Drilling 




Dewater 


My'' Ir^ 


Direct Action 




Direct Action Pump 


^LJl JjLJtJl 


Discharge 




Dispense With 


cP»*i /u* /(Jiii 


Displace 




Domestic Use 




Down Hill 




Down Pipe 




Down the -Hole Hammer (DTH) 


^\ JJ-b ii >. 


Drain 
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Draw Dawn 




DriUing Bit 




Drilling Mud 




Drilling Rig 




Drilling Stem 




Drive Pipe 




Driven Head 




Driven Tube Well 




Droppings 




Durable 




Earth Dam 




Erosion Gully 




Excavation 




Expanse 




Extractable 




Eye of the Spring 




Faecal Bacteria 




Field Kit 




Fishing Tool 




Fissure 




Fissure Spring 




Fixed Diffuser Vane 




Fixing Collar 




Flexible Pipe 
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Flocciilatots oIjUCI 
Fluidizatioii 

Flush lo^J 

Fly Wheel jLL. ^'H ji 

Foot Plain j» 

Foot Bridge sLl 



Foot Valve {"U-^ 

Force Pump JijJl i?*^ 
Form Work 

Fractured Rock (^j ob>-) ijb>- jj>^ 

Free available Chlorine (j«-liJl) ^^2^ ^ 

Free Residual Value S ja- i*J 

Gabion t_j| ^1 jy«^b iJU 4L< 

Glazed J^^i^ 

Grapple ciUa?- 

Gravd Soil tL.^ hj 
Gravitate 

Gravity Flow Outlet OIjj^ 

Grid «liLjli mSL^ 

Ground Water Table s/j^l 'LJI JUaJ 

Grouting >:i.iw)flj jif 

Guaze ^-A" ^^r^ /(j^Li 

Guide Bush dL£j| mJL*- /^JLIa aJL*- 

Guide Rod 4^ jS i^,,Jti 
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Gutter 




Gutter Trough on Poles 




Guy Rope 




Hack Saw 




Hampered 




Hand - Augered Borehole 




Hand - Dug WeU 




Hand Pump 




Handle Bearing 


■ tfjt 1 i I ■ ■ It ... a 


Hand - Dug Wells 




Head Wall 




Head Works 


^^laJl oLitjuo JL&p! 


Heavy Air - JjJSJl »l ij^als-l u-r^ j'-^ *^ 


Acttiated Single Piston Hammer 




Heavy Duty 




Hedge 




Hinged Flap 




House Compound 




Hydram Body 




Hydraulic Ram Pump 




Hydrological C^cle 


mJUI S jjjJI /oLJI S jy> 


Hydrology 


oLsUl /LfjjjjJL^Jl jJU> 


Impelled 




Impermeable Walls 
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Impervious Formation 


(iiij j^) j\ (jij^ 


Improvise 




Impulse Valve 




Infiltrate 




Infiltration Area 




Infiltration Gallery 




Inflow 




Ingress 




Insert 




Install 


/'t 


Intake 




Intermesh 


iiLLii /ji-lJt:i /jLi 


Intermittent 




Jack Hammer 




Jerry Can 




Jetted Tube Well 




Jetting 




Joint 




Ladle 




Lever 




Lever Handle 




Life Beyond Designs 




Lining Material 




Livestock 
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Low Lying Area 
Machine - Drilled Borehole 
Masonry Mount of Earth 
Maximum Total Daily 
Mesh 

Mortored Joind 
Mound 

Non Return Valve 
Nut 

Oscillating Water Column Pump 
Outflow 
Overflow 
Overflow Pipe 
Overflow Spring 
Overflowing Water 
Payment by Comsumption 
Peak Demand 
Pedal 
Perforated 
Perimeter Drain 
Permeable Banks 
Photo Voltaic Panel 



cu^i iiA^) i>*5LJLj 

i3ljl»*5fl (^UJl i_j**Jl 49>^ 
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Piezometric Levd 
Piston Valve 
Pit Latrine 
Pitching 
Pivot Bearing 
Pivot Point 
Plastering 
Plastic Mesh 
Plinth 

Potable Water 

Precast Concrete 

Precast Segment of Concrete 

Pressure Head 

Priming 

Progressive Cavity Pump 

Provision 

Public Domain 

Puddle Oay 

Puddled Clay 

Pulley 

Pump 

Pump Head 
Purification 



Jr* 

Slab (J^^ 
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Push - Fit Joints 






Rain Stonn 






Rain Water 




jlk.S!l oL. 


Rain Water Catchment 






Raked Debris 






Ram 






Ravine 






Reciprocating 






Reciprocating Piston Hand Pump 




Reference 




^LJ\JJ^\ JLjL.t 


RefiU 






Rehabilitation 






Riser Pipe 






Rising Main 






Rock 






Rock Embankment Dam 






Rod Joint 






Roller Bats ^Liil 




«• . 4 1 ,1* 


Roofing Sheets 






Rope and Washer 






Rope Thread 






Rotating Bit 






Rotodynamic 






Rotor 
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Roughing 

Rower Pump 

Rule of Thumb 

Run Off 

Rural 

Sag 

Saking 

Sand Dam 

Scalding 

Screened Water 

Screwed Connector 

Scumboard 

Securing Bracket 

Sedimentation Chamber 

Sedimentation Tank 

Seep 

Seepage 

Shallow Dig 

Shallow Tank 

Sharp - Edge Notch 

Sheeting 

Shea Bit 

Shuttering 



ijAj^ O"^ l*^.J^^ 

(J J J Ij^^ 

43 jiftji yi^ 4*2] 

|t^jJ cJ>3>i JSL* »Ltj| 



254 



Silt 




Siphon 




Slits 




Slotted 




Slotted Plate 




Sludger Method 




Sludging 




Slurry 




Soackage System 




Soakaway Trench 




Soil Embankment 




Soil Removing System 




Solar Water Pasteuri/ation 




Sookaway 




Spilt Water 




Spiral 




Split Pin 




Spring 


Jj-A^ /J*i- /fjri 


Spring Box 




Stack 




Sta^ Upgrading 




Stand Pipe 




Stand Point 




Stand Post 





255 



Starter i^sL 

Static ySL^ 

Stator ^L. 
Stone 

Strainer JLi SIjI 
Straining Unit iJUiJi iJtj>- /aIj hJLs~ 

Submersible Electric Pump ijSlj^^ ii^a* 

Suction Hose ^J^J^ 

Suction Limit ij^l * J>JI^ 

Suction Pump a^Lo iii^ 

Sump Pipe ^^Ji »LJl J JJ ^^o^ 

Surface Water ^.sJa^ aL> 

Surge Chamber Sj^iJl < 
Surge Plunger 

Suspended Gutter jLu j«« 

Sustainable Jo^*^ Ji^ /J«»^ 

Swivel ijj* /i9-j\jjt Hl^j 

Swivel Bolt jIjA ^y 

Technical Brief *^ cAj-a^ yr y 

Thatch ( JjluJi ^jla^ J*» oIjU J 1.;.^} »Ui> 

Threaded Coupling by 

Threshing Floor jJLj /Cj 

Tiles jLjiJI 

Top Soil Xa y ajJ 
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Treadle Pump 




Trench 




Trickle 


/Jii* /d^J 


Tripod 




Trowel 




Unconsolidated Strata 




Uniform Fine - Grained Soil 




Uniform Granular Soil 




Unsustainable 




Upstroke 


ju^Vi oUjl iis:^:^ 


V - Notch 


V <j j>J\ JSLIj iJij 


Valve 




Volute Centrifugal Pump 




Vonder Rig 




Waist Water 




Waling 


t^l c.-*^ 


Ware 




Washer 


^ 42i^ liSSi 


Washout 




Washout Pipe 




Washout Valve 


^U-^ /^p^ 


Water Rechar^ 


aLJl adU^ 


Water Table 




Water Tight 
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Watertight Wdl iSL-i 

Wedge - Wire Screen ,J^i ^^-^ 

Weir JL« 

Well jii 

WellPoint jJ\ j\ I jixiS iiLf! ls^y> 

Winch jjiJ j /^li y> /iolj 

Wind -Powered Pump '"y^. j'-^ i*-^ 

Windlass 5jSo 

Wire Rope ^ 

Workshop Jjci* 

Yard Tap (JjiJl i>-lj) jjr^ 

Yield J^^viM /v^^l 
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Cairncross, S. and R. Feachem (1993). Environmental Health 

Er^ineering in the Tropics: An Introductory Text, Second 
Edition, Wiley, Chichester, UK, 310 pp., ISBN 0 471 93885 8. 

A Number of Sections is this Book Give a Good Introduction to 
the Diseases Related to Water Supply and Sanitation and 
Possible Methods of Control. It Contains Useful Sections on 
Rural Water Supply and Sanitation. The Section on Water 
Supply Duplicates Some of the Material in the Original Ross 
Bulletin No. 10 Published by the Same Authors in 1986. 

Jordan, T. D. Jr. (1984). A Handbook of Gravity - Flow Water 
Systems for Small Communities, ITDG Publishing, London, 
UK, 2S0 pp, ISBN 0 94668 850 8. 

This is a Most Comprehensive Book on the Subject and is 
Recommended to anyone Who Plans to Implement Piped 
Gravity - Flow Systems. 

Pickford, J. (ed.) (1991). Uie World of Water. Technical Briefs on 
Health, Water and Sanitation, ITDG Publishing, London, 
UK. ISBN 1 85339 096 0 

This Book Contains Technical Briefs 1-32 that were Originally 
Published Singly in WaterUnes. 

The Briefs arc Useful, Well Illustrated, Four Fa^ Summaries of 



259 



the Important Aspects Relating to Various Aspects of 
Health, Water Supply and Sanitation in Developing Coun- 
tries. They Contain References to Important Sources of 
Further Information. Note that Technical Briefs 33-64 are 
published in Shaw (ed.) (1999). 

Shaw, R. J. (ed) (1999). Running Water: More Technical Briefs on 
Health. Water and Sanitation, ITDG Publishing, London, 
UK, ISBN 1 85339 450 5. 

This Book Contains Technical Briefs 33 - 64 that Were Originally 
J>ublished Singly in Waterlines. 

The Briefs are Useful, Well Illustrated, Four Page Summaries of 
the Important Aspects Relating to Various Aspects of 
Health, Water Supply and Sanitation in Developing Coun- 
tries. Note that Technical Briefs 1-32 are Published in 
Pickford (ed.) (1991). Technical Briefs 33-64 are available at 
www.lboro.ac.uk/well/ resources/ technical - briefs/ technical 
- briefs, htm. 

Smet, J. and C. van Wijk (eds.) (2002). Small Community Water 
Supplies: Technology, People and Partnerships, IRC Technical 
Paper Series 40, IRC International Water and Sanitation 
Centre, Delft, The Netheriands. ISBN 90 6687 035 4. 

This is an Updated Version of Small Community Water Supplies: 
Technology of Small Water Supply Systems in Developing 
Countries Published in 1981. It has Fairly Comprehensive 
Coverage of the Technological Aspects of Water Supplies. 
This Latest Version has a New Chapters Relating to 
Integrated Water Resources Management and Water Supply 
in Disasters and Emergencies. Other New Chapters cover 
Desalination, Fluoride Removal and Arsenic Removal. There 
is a Revised annex on Sanitary Surveys and Laboratory 
Analysis, and a New Annex on Groundwater Exploration 
Chapters 1-4 are available at www.irc.nl/products/ publica- 
tions/ online/ tp40e/ index, html. 

Watt, S. B. and W. E. Wood (1979). Hand Dug Wells and their 
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Construction (second edition), ITDG Publishing London, 
UK, 254 pp, ISBN 090303 127 2. 

This is a Most Comprehensive Book on the Subject and is 
Recommended to any Who Flan to Inclement hand Dug 
WeUs. 

SJUtf old cAijJij 

Almedom, A. M., U. Blumenthal and L. Manderson (1997). 
Hygiene Evaluation Procedures: Approaches and Methods for 
assessing Water - and Sanitation - Belated Hygiene Practices, 
International Nutritional Foundation for Developing Coun- 
tries, PO Box 500, Boston MA, 02114-0500, USA, ISBN 
09635522 8 7 

This Book Provides Practical Guidelines for Evaluating Water and 
Sanitation - Related Hygiene Practices. It can be Read at: 
www.unu.edu/ unupress/ food2/ uin lie/ uin lie 00.htm. 

Barlow, R., B. McNelis and A. Derrick (1993). Solar Pumping: An 
Introduction and Update on the Technology, Performance, 
Cost and Economics, ITDG Publishing, London, UK ISBN 
185339 179 4, and World Bank, Washington, DC, USA, 
ISBN 0 8213 2101 3 

A Comprehensive Book which Includes a Comparison of the Cost 
of Solar, Diesel, Hand and Wind Power for Pumping Water. 

Boot, M. T. (1991). Just Stir Gently: The Way to mix Hygiene 
Education with Water Sttppiy md Sanitation, Technical Paper 
Series No.29, International Water and Sanitation Centre 
(IRC), The Hague, The Netherlands, ISBN 90 6687 016 8 

A Useful Book which Looks at all Aspects of Understanding and 
Influencing Health Behaviour Relating to Water and Sanita- 
tion. 

Dayal, R., C. van Wijk & N. Mukhetjee (2000). Methodology for 
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Participatory Assesments with Communities, Institutions and 
Policy Makers: Linking Smtainability with Demand, Gender 
and Poverty, Metguide, Water and Sanitation Program, The 
World Bank, Washington DC, USA and IRC International 
Water and Sanitation Center, Delft, The Netherlands. 

An Excellent Book that Describes Participatory Field 'Tools' that 
Can be Used to Help Ensure that Water and Sanitation 
Projects Meet Users' Needs in the most Appropriate Way. It 
is available at www.wsp.org/ pdfs/ global_ metgideall. Pdf. 

Fraenkel, P., R. Barlow, F. Crick, A. Derrick and V. Bokalders 
(1993). Wim^nmps: A Guide for Development Workers, 
ITDG Publishing, London, UK, in association with the 
Stockhohn Environmental Institute, 156 pp., ISBN 1 85339 
126 3 

A Comprehensive Book which Gives Details about a Number of 
Windpump Manufacturers and Suppliers. 

Fraenkel, P. (1997). Water - Pumping Devices: A Handbook for 
Users and Choosers, (second edition), ITDG Publishing, 
London, UK, 254 pp., ISBN 1 85339 346 0 

This Book Covers all Types of Pumping Systems Driven by 
Manual, Animal, Wind, Water, Solar, Engine and Motor 
Power. 

Gould, J. and E. Nissen - Petersen (1999). Rainwater Catchment 
Systems for Domestic Supply: Design, Construction and 
Implementation, ITDG Pubhshing, London, UK. ISBN 1 
85339 456 4. 

A Very Comprehensive and up-to-date Book on the Subject of 
Rainwater Catchment and Storage. It Includes a Good 
Section that Gives Outline Details for the Construction of a 
Number of Different Types of Storage Tank. 

IRC (1988). Ham^umps: Issues and Concepts m Ripral Water 
Supply Programmes, IRC Technical Paper Series No.25, 
International Water and Sanitation Centre, The Hague, The 
Netherlands, 163 pp, ISBN 90 6687 010 9. 
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A Book that Gives Useful Advice on Handpump Technology, 

Installation, Maintenance and Manufacture. 

IRC (1998). Multi - Stage Filtration: An Innovative Water 
Treatment Technology, Paper Series 34-E, International 
Water and Sanitation Center, The Hague, The Netherlands 
and CINARA, Valle University, Cali, Colombia, 165 pp., 
ISBN 90 6687 029 1 

A Book which Gives Guidance on How to Treat Surface Water 
Sing Different Types of Roughing Filter toother with Slow 
Filters. 

IRC (1991). Partners for Progress: An Approach to Sustainable 
Piped Water Supplies, Technical Paper Series 28, Interna- 
tional Water and Sanitation Centre, The Hague, The 
Netherlands, 139 pp. ISBN 90 6687 015X 

A Good Introduction to the Philosophy and Practice of Full 
Involvement of Commimities in the Water Supplies Designed 
to Serve them. Although the Focus is on Piped Schemes, 
many of the Suggestions are also Relevant to other Water 
Supply Methods. The Book Covers Planning, In^lementa- 
tion. Operation, Maintenance, Monitoring and Evaluation. 

Lloyd, B. and R. Hehner (1991). Surveillance of Drinking Water 
Quality in Rural Areas, Longman Sdentific & Technical, UK, 
ISBN 0 582 06330 2 

In Addition to Information about Water Quality Testing this Book 
Describes 'Sanitary Surveying'. This Technique can be Used 
to Jud^ the likelihood of Water Sources being Contaminated 
without the need to Carry out Bacteriological Testing. 

Morgan, P. (1990). Rural Water Supplies and Sanitation, Macmil- 
lan, London, UK, 358 pp, ISBN 033348 569 6 

Two Thirds of this Book deals with Practical Aspect of Exploiting 
Groundwater and the Other Third is about Low - Cost 
Sanitation. The Water Supply Section has Particular Em- 
phasis on use of the Blair Bucket Pump and Various Types of 
Handpump made and used in Zimbabwe. Other Sections 
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Provides some Guidance on Construction Hand - Dug Wells 
and had - Augered Boreholes using the Yonder Rig. It has 
Short Sections on the Purification of Water and on Rain- 
water Harvesting. 

Nelson, K. D. (1985). Design and Construction of Small Earth 
Dams, Heinemann, UK, 128 pp, ISBN 090960 534 3 

An Introduction to Safe Construction of Earth Dams. 

Nilsson, A. (1988). Groundwater Dams for Small Water Supply, 
ITDG Publishing, London, UK, 64 pp, ISBN 1 85339 050X. 

A Good Rfifetenoe Book on Groundwater Dams. 

Price, M. (1996). Introducing Groundwater (second edition). 
Chapman & Hall, London, UK, 278 pp ISBN 0 412 48500 1 

A Good Introductory Book on the Occurrence and Quality of 
Groundwater, the Way in which it Flows, how it can be 
Located and Tested, and the Construction and use of 
Beroholes. 

Schulz, C. R. and D. A. Okun, (1992). Surface Water Treatmmt 

for Communities in Developing Countries, ITDG Publishing. 
ISBN 1 85339 142 5 

A Comprehensive Book Dealing with Most Aspects of the Design, 
of Small and Large Scale Water Treatment Plants. This Book 
is a Reprint of one first Published in 1984. In Places it is now 
a Little out of Date but it is Still Very Useful. 

WELL (1998). DFID Giddance Manual on Water Supply and 
Sanitation Programmes, WELL Resource Centre Network 
for Water, Sanitation and Environmental Health, Water, 
Engineering and Development Centre (WEDC), Loughbor- 
ough University UK. 

A Comprehensive Manual Prepared by WELL, a Resource Centre 
Funded by DFID. It Covers the Whole of the Project Cycle 
for Water and Sanitation Programmes (i.e. from Policy 
Development to Evaluation) 
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Dealing mainly with Important Programme Planning and Man- 
agement Issues rather than Technology. It can be Read 
Online, Printed or Ordered, via the WELL website at 
www.lboro.ac.uk/well/resources/books-and < http:// 
www.lboro.ac.uk/well/resources/books-and- manuals/gui- 
dance-manual .htm 

DHV (1985). Low Cost Water Supply: For Human Consumption, 
Cattle Watering, Small Scale Irrigation, Part 1: Survey and 
Construction of Wells, DHV Consulting Engineers, Amers- 
foort. The Netherlands. 

DLVW (1983). Sural Water Operators Handbook: Gravity fed 
Burd Pipe Water Schemes, Department of Lands, Valuation 
and Water, Government of Malawi, Malawi. 

Guoth - Gumberger, M. and R. (1987). Small Projects Training 
Manual, Volume II, Water Supply, Sudan Council of 
Churches, MunuM Water and Sanitation Project, Sudan. 

Hasse, R. (1989). Rainwater Eesermirs, Above Ground Structttres 
for Roof Catchment, Friedr. Vieweg & Sohn Verlagsge- 
sellschaft mbH, Braunschweig, Germany. 

IRC (1979). Public Standpost Water Supplies: A Design Manual, 
IRC Technical Paper No.I4, International Water and 
Sanitation Centre, The Hague, The Netheiiands. 

IRC (1987). Slow Sand Filtration for Community Water Simply: 
Planning, Design, Construction, Operation and Maintenance, 
Technical Paper No.24, International Water and Sanitation 
Center, The Hague, The Netherlands. 

IRC (1988). Community Self - Improvement in Water Supply and 
Sanitation: A Training and Reference Manual for Community 
Heedth Workers, Community Development Workers and Other 
Community based Workers, Training Series No.5 Interna- 
tional Water and Sanitation Centre (IRQ. The Hague, The 
Netherlands. 
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Nissen - Petersen, E. and M. Lee (1990). Harvesting Rainwater in 
Semi - Arid Africa, Manual No. 3, Rock Catchment Dam 
with Self Closing Tap, ASAL Rainwater Harvesting, 
Nairobi, Kenya. 

Rajagopalan, S. and M. A. ShifTman (1974). Guide to Simple 
Sanitary Measures for the Control of Enteric Diseases, World 
Health Organization, Geneva. 

SWS (1992). Trade Literature from SWS Filtration Ltd, Morpeth, 

Northumberland, UK. 

We^lin, M. (1996). Surface Water Treatment by Roughing Filters: 
A Design, Construction and Operation Manual, SANDEC 
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266 



210 :oL-iJ':ifl 
- di - 

223 :lJyi\ 
195 :Sji-Jl 

*65 .63 t45 :iri^*^l ^1 
t96 - 95 t83 t80 _ 79 
218 *215 tl97 till 

63 : JLUI Vij-n'if 

83 (80 (64 

64_63 :iS»b]| ijj^Sl jjJl 

64 t46 Ii^jjJl j-tj 

218 «132 (66 

130 :ljJb SjjiJ,! jjJl 
91 :iiLil jSJl 
106 UOO-99 :*^yJi.\ jJ\ 
218 tl34 ojjiSLj 



-!- 

*37 :LijJU jLjVI 

162 t66 (65 
107 (63 (33 li-jiiil jiy\ 
184 : ^1 

50 

82 : JjUI cu-^yi 
45 

48 :4/Lti^l 

50 - 49 : b'^^l 
27 :oli-Uil JL**! 
(56 (53 : '^Ji-ij '/i ' !l >-:Jj-h^ 
(166 (152 (130 (78 
202 (168 
155 ; (j j-Jl j^i^ 
76 (71 
141 ; ^ ^1 ia-Ul c-»jjt 
91 :i_jLi)^l hj^] 



267 



.95 -94 t87 t45 :^j.Ja}c:i' 



98 



60 i45 t38 -.j^JlJ-I l-^* 
.84 _ 79 t67 - 63 c61 
.98 t95 t93 t91 . 86 

.136 a32 _ 129 aoo 

.153 _ 152 tl49 . 147 
215 

65 - 64 : JVI ^ 

.64 -63 

215 (86 (84 (67 

-c- 

185 Ol4>L| 
.70 - 69 i43 :»ai JL_4^-^ 
,83 *79 ( 77 * 75 - 72 

112 tllO (99 (87 
.121 (117 _ 115 (113 
.134 _ 132 (130 (123 
.159 (156 _ 155 (146 

181 (179 (169 (165 
,190 (186 - 185 (182 
,215 (208 - 207 (193 
226 



(88 (84 (43 



(86 

(59 
(79 



27 : 'Lkoiil olj;;f>ci]| 
172 :.Uij J\i^\ jjjJtJi 
80 l^jSLhll ^Jdl 

103 

60 ( 58 :*L^\ VjzJI 
64 ijjdl 

64 : ^ULJtJl ijJaJl jdl 
60 : ^Uaidl 'L;^! Ajjdl 
. 85 S ;ll ^j-jlJI 
88 

. 58 (46 (22 
(77 ( 72 ( 70 ( 64 
(105 (91 (86 (83 - 81 
(177 - 176 (118 - 109 
(191 (189 - 181 (179 
218-217 (215 (196 
. 177 (123 ( 77 :j_j_S'j_:lJ| 
217 (196 (191 (181 

145 - 144 

35 : Ji>]| JL.S/1 (vt^U^- 

(129 _ 124 (22 , t I' 
(191 (188 (183 (177 
215 

35 iiidi 



268 



155 :J'^y\ (.UvJl 207 oVL- 

a58 a 19 •.^j^y\ 59 o^^l ob- 

160 123 i77 rJU^yJl 

211 tl55 I'U-^ 76 :^y2=^\ lyps- 

66 : ji^L > fLw» 216 tl60 _ 159 ijJb- 

j5UI L^^L-JI ^L—^l 89 . 88 : jijJtJlj >}-! 



U52 *149 a45 *143 88 *85 : JjJL >1.| 

160 . 159 



211 •.^\^\ oULw 



- a - 



t74 _ 72 JjJLiviJl 42 _ 41 li^lil Sjj-JlJI 

129 a26 tl24 t78 t 76 140 :jLi. 

53 ^ij*^ 

t77 - 74 : (Ijj-il ^ ./» ~ ~ 

tl36 a29 tl26 a24 91 iJjUl ^tj 

209 211 t97 :^j3l 

76 ^Ij 33 liJliSSVl XiD~}\ 

a20 UOO tS2 t43 :^jJl 

~ " 210 . 209 



68 :oUapUJI 



115 :(>^l J-JI 
29 ^jl^V 192 :;i»LLJI 

1 178 : ^^-jLsJl jl^l ii^p* 

188 -J"- 

215 * 96 - 95 :sU-l 4i> tl55 t55 t42 - a <i 
101 :0_^.lS'*L> 216 tl59 



269 



_ 184 ^yJl\ 

191 1 187 

122 

123 :j_^UJI 
37 ujLj*;/! jil^ 

112 : JiWl; OLi^ 
150 : ^ iiaU-l oUi^l 
loJLoiil i.^j->iL:Lil oL>r » 
157 _ 156 tl50 

156 : Jlil jLJl 
146 :^$JJ^\ Ji-lil 

: ajl jjJl <L5L^LjjJI oUiL^I 
157 . 156 

158 U56 :UJ\ oli^l 

150 

_ 143 : ^Ul Ji-Ul oli^ 
150 (144 

:ijiJ3jJLll i^—^-^l oL>— .all 

157 - 156 a46 U40 

159 tl23 IsJbUl olkvail 
t39 _ 38 : jJlJI oLi^-^ali 
a06 - 104 t94 *83 t46 
a39 (132 _ 131 ao8 
tl58 _ 157 tl54 1 144 

196 

154 :iiMj:i\ AijjJ\ oU^I 



89 

112 Ij^jVl g-Jl ^> 
38 - 37 iSjjiJi cJll. 
*90 (88 (81 

173 (97 
I l^ijf^ ^1 n i'W t^^!^ 
97 

82 Oji^JI 

-L- 

154 :olij4-l 
140 : Jijll 
78 - 76 ( 70 ui* 

-47 (31 oLjLSJI 
(179 (177 ( 58 ( 48 
195 (191 

155 

-J- 

80 : ^ 

-r- 

142 : jj-LxSm ^U_s^> (j-^ 
83 :;«*|JJI '4i2>A\ 



270 



133 (131 l^dSSu SjUl jujJLiI oU^I 

61 0.^-^1 94 

170 ao8 (76 *7i :i.'5m ^1 i^^jgi oL;^i 

173 1 171 146 

173 (170 :c,\, ...Vl i.">L. 4 151 :iiaiJlj J^l 



201 153 
88 ^136 ^45 : ji^sL jii 

56 (54 _53 (45 Ivl^fl*' 141 

150 

(43 (37 . ... -.Vl Jj 
180 

94 : ^1 Jjjw 
134 :j»Jl:Jl o*yjLiuo 
(154 (152 _ 140 ■ <ll 
216 (157 - 156 



- J- 

63 .60 IjP^I ►hi JUxJ 
101 (97 "(87 (85 (66 
130 (114 (110 (104 

158 

27 ^jjiJl ^ItJ 

181 :J*Vl OLi>l fUiJ 

182 61 ^1 

115 >JI -66 ( 61 .59 

(79 ( 76 ( 74 ( 72 ( 67 

- ■* - (95 (93 (91 (83 _ 81 
130 iL^^^jjJLrfJl - 130 (105 . 104 dOO 



271 



jIjljiVI cjLi_L1j i_iLlSL!I Ijlj* J '-^ -^j 



g-alj_j jljL^^j i(_yjLl,l j J ^ " ^ I 3_4_la_jl 

^Q-U&LdJLl 3jj?CL^I ^j^aj_dJ UJjJ-kuL} 

:i_ . UjU^ i jjjL^ .(_^ui jijuaVi ju^ 

4- .(WEDC) tfLil jj>L=3j ^jlIa 

4 < ,l fl U I (Loughborough) 5j-j-1J 2j(_aL>. 

.5 jLItll,! 




.J 



sWI .1 
jU]|j JjJLJI .2 

i:Ll4^^BjJLJt .3 

^^UJI .4 

2Uj;i3E]t '\j 'iTl'lt .5 

Ci5(Laji((j .7 

^IjjlaJlj sLadlt .8 
Ztl^Ualt .9 
2ujLal«]t Jlj^t .10 
Jl .11 




^^^^^^^ y^jj^ic vlilixJ&^QA 

do^^jjll dii>Ajl deJaioJI KACSTi^uAii* n>*UU 



3N 978-9953-0-1785-3 oljVjJ 10 Ij^aill 



789953"017853' 



